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fl'>ogresul R~~~~ 'of'er~ Oird~tr ~$e~;~eb. At Ler.J.SllUnllt$l'?s1tty
$>erl~ 'Get,., 1. l$li)tl t;(J}tf-ll ~lii lMO
tftd$:r~~(!~~,'1~1~~.1,.. a,bSlt1"'Q~t~d~~$4 'p~iJ~'1l1)rti1f
,r$pG~ 'teethe etf!"~ $paet1~~t\\t1.on$'C~lt;.~ ent;t,tle(i
jt,~Y$l':$()f $ptte1.fioat1ot'l$, £O'1tthDSt~e.t!U"$1,DD~1~.ct'
mu~•.$~. S~~r:" ,'in o~de;p t:o.~1'."~ th'$',~})Ort::(lOVv)7
o.~plet~1,. li~ .1ght ~~th$ 'ffor~.;1. ~11t)t te:S~8~e
O~O'Vil~4 ,in!nDretlatail,. fJ,\U"V~$ ,or' ~~8tOOt~ t'U~:v:eb~n
$dd~Ji '~' 'oEtbe :N$Ul;ta ett:n.'Shep "'erat$~ ti'..h ~l'ite~l#
ar.ul .$ _~~t W,"~l!(¥tl~ph1f~,b~~n1~1't1aeat.,
tfhe :tdllt)~~ ~~Ol?tGU\tl.tnfl$ ~'~$ul';~ of .£il;
$t~1 r@fa n~~p ·of' e~~1".l.$d$$;le'n$p'$Clf1;gt1tl~In
'Q~;a"~f1\l$e~tog6.t~~wttb,thfl"$tt~t$ 'Of $'~ pilot.
''tGet&.~~01'tl$W.t~ C!ttifJf>,la~ara1 It)~it!t$~t$_'t1f11
m.,tt~;el."'~;e;$G$e;alS() btdefiy t11~eu$a$A. ~' _t\ldJ'Of' 'the',·
G~~<d;.£lee,t1on8, \lQsl1:$d.to ut~~ua:up~u\~hatu~u!t1tJ
(tbttt.1~$tic'f11~. e~~$nt$,ll the v~riOU'gc1auM4<Jr
~h~ $jf6el,flf;Q:'t1~ ~st;.,.Jhl (l'utl.l~(;};tadd1t!.o1llal t~~t'$
,------~~-- ._. ---_..._--~--------,---- ._--~-~~-_. -,
~ed$(i, t{1cant'i_rr-ny $~ort.t4"'1th~tlQtU',41Uta ~n _d~h.
fte$t~l baa; $ho~ tllal; i1~ of thE> .$~!f)'eltle;!iit1 ~~
'tUf;foI" raMealX,. hO'm e~C'n othe1?:,.$otha& c.~n.s;&J#:1ign$4
MthebEualsof .cn$$peeltlctatloti .mlirbaTf~ &fA ~ltog~th~if
d1tf~t'.nt rat1r~ .at} Wtl~tber' epeeltio;cC:tlt!h~. .s~~pae!f.1c&!~
tl~ cm1ti e;~talfifo:re613 aetbigon, ifbE) s'traet'dN", £m.d
th1j· 'WS8 NtH)lgnlz~ lns~~e·U$e by U$,1ngl·nW'f~df)$1~
$t~,6$se;s.'rh&~sau.lt i;a- t.;o~ll $. gl~r Whleh;t~l~ly
safe" bUt: parbep;$' not the ~(},~t~o~~t)s1~¢.h eQul,1ll.
00 de.1@n~0'. li'&.;wtotthtii ;~_ntt:Jfi' tbl!l11$:$ '1n:. 'the.
faet ·that t1aayGf thetlpee$.tlc.~t1Qn.ols;~'$ Mve ~$n
~~~edonold bl'ltlg$ spec!,fleat!~. foX'I'--l)$QJ!1 g1~erl!;'
and t~.$e· ~N not ~1.~1$ ftPP11f$n.blli1 tt) the f:O~E1$ ·aetl~
anth&ve1t1 e.o~n to:!: ~lHaf'wh:t~b 1.$ ·;tlO ltU:6~1:y ~4 1n
cr·$}& eona~t;;1on.,
l'll'ot te.$t~l~r~ _ttti- o:nt~& 'l.ooJ'1d..onal $t~~tb.
antl tttU.r:n$a8 ut' savor-al .~w~l~d a~4. 'bGlt;ed bwt,
~~dar$'ofh~$pnetn,g-and ,~le,lfof'holm..ngtt}.e 61.a,pb~€._
1n the pilot ~1rti&r$wlis ve,:rlet! ti.'i dete:f'i1l~~ t..bt't:1r~fte@;t
on.thetQ'r$lmlal ccn$~"!t·..
AnothEWteat .Q _d. ~ $. ~6. ~ro'411:# boJit
sirde? w~th a lib· ~$tloQ't V2 lett tMU$$UJ],pt)ri:ftd. '.s'»an..
, ' - . --.
. -,",-.'.
to &eeltt~ \l$UQ.l e:~~~1\1i)"'.slgn~'1;~S.~l f~~e
applyt.o th$t~,~~~, .·of boxl!J>d$1f$·.•·.~, t'e'$~t-ot
•-.
-- -- -~------ ---
'~~ tt.~. lnQ1-eat$(.\ th$t ~ 'tt{f.!U1.f'~~~O~"'$,
:nQ'tc ~lt~~· ..
~ toat$~.. ~, ~ .runal:l"$~~ i:~. :~b$;
tab~loa.t~~'Pto~G:mt~$ ·~·$:~~a dtwtt"t~'l(C
~~ l~t~l~.. ~~~.~~ .11:"l!Jgi~·~rld~~.. ~«fi
~~~. ~~te ·~~o~~ ~~hQ4 :plfttieG l'4~t:.
_~_~1IJ &.~:e$':b'Otb.~$$'t£l:~~~ 'bt,ij~~e~~4.!~ ,~.Pt~t-
~tG.ll m~~~~1fih .~~. ~.~dr-~e~~~.
~. e~~tt:~ ~;rg~"tefi':~.t~"~~. t.~. ~.'
Vf111.' btl· ,.~. In this'~..
'i'b1~ .$t_ .tmf}b~U-'t~ to'~ &%~ ·'Uftb$
. . ,
ltl~:rue$~ de't&ll~ c.t~ b~_~ ~~~~$. ad,
'lli$$. ~,~ 'htl ciG i..o .~. _tell. I{j£ .~ ~t~~ ~tfl;lIJ
~.~. "".. .~, ilI.. '.' '''''lAri.h<!''i<-..it •. ,,' ~,.., '.' .,,~ ·'h~h....i-~,8 .i}~4~~ _~U~~~~ ~~e~tA o.;t1f ~~
fA~!attMQt1:~,,~ .~tQ~ ~~~~. t,..~~. _
~""-- e,· '.. '-4' .,.,J! ....""".~A ....t . ~it'~.j;,.._ 't· ~~-~ ~ f<Jl. ~~~. U-~O',.lJo;;IJ;-&.~l\i<k~··e: <;;~~~~.Q". '~·~er"-l j~~':'•• ,ii iF. ~'.
~~t·;;,;, Jl'I~<l!Ii.·~A~ ~... _A~"'" ~,-~ ~"""- .....l!'J-.~.""A· .oIl-_~ .tt,";"~~~~~~c ~~'iV' ~~'~;~''''. :;?-~"~~--fi:_;~~ .~.!t~: ~~~~~ir~~:;$I,L"'f,'~~lt ~-•. &IQ"
tn. ~ts: ~1A~ttGta~.~~ "tSht~ <UQli)f~~~~,t'f
w~_ .t:~~.~~~~~~(jt~,t~t.lt~••"
~ala~t f:4.~Q~~'l\'S~ll~ Ql' 'M$ ·o~~~,*~~$~lt
~~;tc~4~_ tobf()~l$,~e~~~t~~~~
t- ~~: ~~',a~ ~:11St~ .t~.bb$~$ta,~ al ,1J>t 'hO'(,~·
-
,.
\
'~" e:~. ·~llil.$d b tl:l6.fl41:1$~ ~~l~ 19Q~
1·~\Qbo.,.e t~b ~l!1Sn;~~t~•.•1,thn0~~~)l·lt111 ,.:ft~ct;$.
!b1. p1\l'oj~e.t-.was 'l.nderta~tJn to d.'t$~ll,e 'ig:t~tae'rtbl;$
$~$.ee.pae1ty18 duo to ovt)',PO:i\)n$.e"at.1VG4~s.$.gn
$~ifle~ttOl'!$. Xt this letha c$.fle.",thesp$ctf1eat.l.ons
Should, be· ·ttev1$e{i, ·toQ~1$",11 ~t:11tseth&ea1)a:e.lt,.or
thee~$.I:n tl'lefUbut>e.tb.1t\Qald .1"'lifSUlttn, lugfJ~
c.apacl·t'y c~~.I·()Jti·the.~e:e$t",. t>t- fo:r equ1'\taliel'l;t·
11gb.t.$~e~ni,u.l.
i1h$:t~$t; Qlgh'tmontha 'W0t'8 i\f1'$nt in .sttui¥1"S
~. v~1'GU$ c~~~pGe1f.l-cQ.te'1f$lA.tHe.l~ t;e"'m1~·d.eir!'\17~t.ibn
,~t:1r11~ toflnd t;h$1~ h&e~,ptn.~~..... ~J'i't:;$ult$o:t tbl.s,
studywer~ 'rep~~$4 t.ot~~~~ce:$~lrleat!a~a.~ttee·
on ~h. ~Uh 194QiI'!Emd $: ~~o~~ot1Ut~ testll. _0 .
s~J';,t~4. 1~~o~1.tte~ aJP~~tM hest p~g~~d
fJs6'ldett to @,Gah.etA4w1tb ·~'$.WQ~k~.. ·Th!t1p1.1ot. te__ti.t:
••~ maa to 11$tt61' pletl th~ ~~$t Pt"-oer~.,
1. .c~t~Et~a,,"" 'topio$ &t·tfl~~l~ l'a:ll b1pC)?t~ 4.&$'.ls
()tglf'd~1'" de!.d.~ 11:111. betaltenUl) &$ the, '~~~ 111 Q ti1P~~$1
I
e:J."fta $p~c1:t.1O;a;tion. 'irA& ~l'Y81$ (1£ t.110 spee:t.t1eatlon
-'-.::.::=~===------~-~~~- --~~=-------~-~~-- -- --
~I..
i
-~. \
(W,gpertn~t.l tf3'~t&# 'tinaa<}t\\~l·p~o;f!jl~ta',.·
'k.~3 Q~t~l.$ vil;d¢h ~"$' U:~.l'$Q~bs;ve:no b&$itfw tbe1l'"
4ies!.[}'ij, but htiv&·baen t!.6vf.llct)fjdin pl'$.~'t:i·¢$,,. tn~Otr&
CE!S~'~ ,tbQY ~ thf,11r' job,' :~nt\' ftf/'1' oft~ ~fl:n~~~~ .1.n
,th~t~ d&$~~~'lld nt)t· 'b$ft~~d~':r .m"eiil~~g1J llk~ly'
t.'O~n'$'Ue\.tn.,$-cn~ C.altl:~$.,wG:l~hwl~11~,.tioti~r:rt.$i'r$ '~.
p~Qbabl$.•,
2. t,ooda: Qlltl'af6' G~r(i.,~~ .'~ '~~·~l"'~e.frtrliltt~dl1
. .,. "-~.'-':;M"_,j. 'AI .~ - _ q" 1*..,~ ~~._" ' ".
vevtl~l IDGti" QDa g:f;~da;p -requ1~_nQ¢~~~t.~ It
~:ne:1U4~:.i,t,.M·~~: .load t~ be l'i,.f"t00,..plU$ -th~~61sht
:Qf.'tlwl:~ting ,t(l~. pl. tb.$'~~lpt Qf' 't;i,l'i;ft, t:~Gl1~1·.
~, ~t;~&So;$~,a4U$toth$ -d~Qdl,oa·d ¢:;'1.·tlJ-egi~:r
&14 its P:i~~ 'eml$~$lybe.ae.~at.o'b$, 't1106$ 0~~.d
by attn1fo_to~cBl~~,t~ea1rd~~...
2:he lateml t~t'e~$: a$titWwdteo~et on ;~ i.t~l~'r
~1I ~~0at1y ',l'ft' t~v!\~,l(ju;sff.w~f)1,:tte~t1or:t;$".~b$o~tl~ttl'l., ..
_m~tt:~\:r~,' hO\'iftasit; ',tllae~'eile: ~~J' :t~~~~
4ee~lol?'$,~,~.to~ 'OQet.&~$' ~:n ..tl1$ ~G:l:$ s.f\~' on t~~~t ,
'.' , '. .
or $l#.~ptne•., ~. ,aee~1~~11':l&.f'~4tl,pen-d~ ott t>~$ et'~$
1.0$.u ,~horl\$p@l!e;t" ~ t-M' ·b3Jidse'~;t(>~~.It 1.$ 't"~~$.11¥
1~$$ tbant}3.ebl"~~r~ to~e$ and ean _~~~ E'txceef!i 1.bttl.me
ti~·~h~~l;$'WO'llld:lUp•.
''fM tt.rakt~to'1.'!'.ee d:$1¥'l-en6t) cnJt'~, .f~le,t-,l;ml.~t~~
the ~wi1Yl"a11 and t~""bri,dg~'whaJ{jl~p~~,aptm,th$in~e~'
of brak~d wbe'el$~ 'Th&eo(Jtr.flcl;f!rl\tof~etlol'.l.111 Vll.ffy
"I-
,
i
'-
,~~~~--'="--,,,,-" _._--_.-
frout 0:"10 ,,,,,,0.,20 ,d~~d,1.tlg.$~, f!'~it e~&,~~9'tu~,.; .., In :so.
ttfs'tatbat '$1a~ ;~~:d&on the (:rane :at ·Mt~L~o.f«lto~~
't#h$ ~mum. hl~e,t,:ton;~e:~'$'tt~~4 :_$O;!l'~$'but. ~~¥,~tJ'$:qn~:nt.;
'ly' ,1t ~.sl'leihtly o.v$~O.,15~. ~~'latt'}j;'a1 l~{'l tef$ttJ,
on "Q~i~JS. ·In .mi.l1aa.'bouid .~. ~ike$$,e (t~.~k • t:n~tl).e
r0~u1t$~' .
A vtd,;u$' ot :O.,~5!0$" !il"'()oabl,. ,~t:oo }lJ.gh$l~l)$ 1~ 1$
',nth,~~ttnl1k~lJ tU4It .~'~\yp~ra~o:t.'~d ~11:Ci~ .th~ .&1_
- : ,'. :',"'.
at:a ~~~t ·~~·t_ fttt.et!~ ~lla'-Pt.\lt't·:t-qt,Jf;~111t1tl~~{f1i~J.
. - . ",' . - ~..
, "
4tte~al. l~dot~~·.aventh ..t the·1.€i&4 ont'he braked
.' -. , ;. .~ , . -. .. , '.. . ...
:.h$'~lB~:4¢~ ,C(tJ~~~,$vo.nds 'to s.frletlt)JJl'f:ac~,Ol'"Qt,O,.;l~:..
~,IiWltl&'i $},~e1flcat.l.~~ .~.a1l. ,~-o¥! ~.e~lfth t~t;,(yta1.
:lota.ti: ~nhe~~t~\syor<!u t.o :~c:!>at,rt_9lent,'¢f, ~1.Qtl~, 'ot
Q...l"1t.~'ilha'lt iiKt t:'oo, ~:e:ls a.7.~, b~e4.: 4;$ 1$ ~8Utt141.~
the" Q~. ' ' Ii. .ht:tctl;()".~, ;f,ac't~~ {)f" .(J~. ~h~1J1~ 1)" ,~l;y
Wbf;: l$,t$1'!lil.tOiI~~~. tlUt~ .to too' ~'4,1~$4 ~~be'
$-1nrtl_~ tQe.~t ~t.i~, ~l'~,-e$l<it$~' of ~~$,,:V!tY~ltth0 tlee·tt.~.
1'~ '1~t8~!1 t'~~eedt$to'the live, 1~~ mad ~~n$" ..$'~t,$
in .,th~. ,p~auG of the tQ,pot ·th~· b~1~~ ;~i\11.. ,
ft$'~ l'8\t'lil~ 11ttl~'tmit'()1fr1'At;J't'tt the spe(d,fl~t.d;;l~n$,.~
i-e.GA.~il~ the p(lil-"t;i bn, fjt' th&·61.:r~e1i .wM,.¢h. is il;$~~d to
,;tt&$l.ati 'the 1~tg~f-o);~~*''':~~01;1lt$tt6:$tUy#it, ,~!ti:r-'4e~'
ball iSttt.tlcl$nttt\~..a~tb.~h.Ql$'s&ctt;£}n~. 'b$' -a~$~4 .
te·~t9' !'he p~a~t nUl1t8st4S: have :1~~at~thi{5.
.---....- .....
~cl:fleat,t~ne·wMoh· N)qtU~etM 't;('fp .tlmf,e to- ~~l!!-t
th$'l~te~ll~d aH t,'htt,$ .. ~¢G;s~ly SfrV~~ f:01f'tta.a
. . , . -". "., . .' " .~
~~.# &ltl:to~.h. t~1f _~ n(}~ be&' 't:oo fe ~fft(J1!'!"'~_
." .. ' .... '. " ; .
g;l~t~s; ..,~er ~n'f'~~ th~'~l1tt~l:lfine., l:$tbat~tt. ,bg
'. . ' .... : .
str~r 1~' tllj ;$f1$f;1",l-n tW!~tln&~t:~t,. tb~t,~~~~$ ~.aM~'t
, ~ . .' . . '. ..',
deflect ,~1"J.at$~1.'l~ad 1t1~tt()~jJi.~~:_~l.oox;
" ., .. ,~.' I '., : ...., • • , • • . • ,.. '. . _' •
to ~o w~th 1.t.: '~J:~~~., "on tb$ Q~ir~nt1'£Jl!ttd$,t;•
. .' . '- '. '.. , , ""' . ' '. J' ...... ',,' .."
'~$11'1,\fn¢t$'~ ,~11,~.tO~~$olJ" t.b~~()N' ·~~t(lp ,f'l~Ia' .C)l'ta
''', ,".'. .'
t'~.a$ '~}$~t, ,ef ,tne ltit0~1 l~adbt?t"~1!e:,,a~$t1t.1,.,
t!"il~f'-$~~ 't:o,', :tb;$ 'bott!J. t':t~..
. - .. . .
:fb$$n(l !'l~ty,O't .~~., g1~er'~f1$J.?' l~t~:r~l, 1~4
is ~~tU-$~Y,t~~ ~.nbo~e~Q~nt,.. ~.tJ· t~~t'~,,~~~nd$
on, t;l"4't~pt\ar~. ~i~;l'!'!h1.1,$ .U~~. .l;f t':t.dty .ttl pRsen't,#
1t"._11·~t'$~t)$' t.'~ lttt'~ml_4,~~11~e:r'~ntt ~~eh ~:$:
-."' .
t!tt"~$>1?',.. e,\1lrl'~'~ '~'SUbj'e-Ci't q~ lss.t:e-.l l~d~ 1~ 'v~~
l~rtm:lt$tn,e€t th~ :atl"a-s~-'il$ &~e 't.ofihf) liitte~l t¢.r-~~'s
are in at~ ea~-a.$ tid~ t().tl),~'t~f ~~ oentor 'the total
\l$.a-4 in dEJ'd$'ft..'
':fh~· l£d~~:t'a1 ,ro.~-iJ: ~~palf1d. ~t), th0,t~p.,"fl~1 $1~
", ,.' ,.'.. .
~Quooa a 1:$11'61$ t,o~~ ·M the. tJ~~ tlon. ,i~,eoot1nuotmlw
"l$&14l¥dbOit~rr.l~~"$j 'b$t~l~t ,~~ '~'~a:t,~~~ .•t1;Qt}, ~.
a(f,~t~1y ~"4iet1ed bJ'~e'dt;f_t~~o$';Y;, ~~~~, ~'1S1t'i$
o,J'ii1t~t$'t~di:-q. l:.6;~.f).t'p1.at~,1 ~'fl$ Uttl~$ft~iiit ~ntt.:l1.$
tn~b..aV!()r of the $~~:t-ia.nfC,a~tl'tt.~tlwo.1fJl,i),~.~ ~_ ftilr:
:rlvet,e4 61li'(t(;}$'lIl_ $'in~ j,t~&~ 'nQt '~~ into !l,~~~unt ·th$
iJU;P~,whi.eh ~ccU1Ja i:\1~ .~l'ie .aeam$of ~lv.et(la g1.Nel'$.~
~(f1" ~~:., tl1:l'f.!t$ b.~~f~d ,tnwt~t~ :t!'A~ et!~(tt b~;~
b~nlnau\U"¢Q..
s. .:t1il2!!t ·.N:otb1ngei.t~h~.t" t.h~(J.rQtlfj~.l G~~~\'!1i1fl­
~iitQl ~~u1:(1 b-$i'oUtnt·~, fi'tt"es;~l1)' 1ne;t~~$.$ il~.& ,t@ .i~paot~
.i3.:l"i;Cpee1.f<le~tt~$ d:l,f'.fe~ _Nt&dl'y~ $e~ base iu'lpaet .t>n.
~." .
~O~ti$ .~s~l~ cn.~~vle$' QO~t!!1tlQn,~. Ai's. ·te.tG bav'~ 'b~~n
~de 'W.t\1Cb :m~Q$~tibedanet;:tlon. o:tai_in~e~~&j} dUG
. .
to l~pa~t 1_(1$.•. 'fU1dth$·1a,~g~$'t~~su:'044et'1~et1Qn, wtu~
t~gy.£t'J~ ~re$nt Q:t th. etQ:titl 1oi1i4a.f'1.f;)ot!,(;ln~ In.a
$tt?el crat1$,. -~aa:l"eth~ mtH~tdUia()t 91a;:J'~13i.tg· ig M$h~~j,.
'tM .1-.pac:::t 'Q1$l) i s b!~Ett·~
!f'h.e~, ,~~ tWQ.!d.nd$ of ~~~t•..~ wbl:¢'hoeeurs
tml,~pn~l'lff()~tigcond1tiona.4nd 1:-hf1 .Qt'-hi$r wb:1~l$
~u.~ to '&b~O'l~~ ~ndtt:lcn$1a,ueh~.. b1t,t1ngWlotbe!!'·~
OJ> runnlD$ over Iln. ec:Ke0$$1'lj~l;, low Jglnt. S~tJ· ·h"1t~~tle
·~.t~t1.~$t t~ 'o-f1:IWQt}'l; .g'ht be oot~.1n&4· 1111' ~$:li~
·(f£e:l~~$$ ln~ll$, u~lt~t.u:rtlt;~h a~'i$$. $~d b~"';~bee'N,1~
1.• mpa1J't ta'C)t~'" ~e~lle:$ &q"t.rt-~. wlth ~..al~~•
. . " ..
'p~~\-oad' blf thobt:erfAl forcws~ e: tl()Fq't(~ S,\$S~t 'Ugb"g the:
·s:tartil~ sntlet~pltigof thebr1~$ ·drlv~ 1t!¢'tOtf..· Ctho'J;'
tG!"iS1(J.i:1al tiJl':fl.'l!e.n·~aa.~ dl1(lJ·t';o th~·6.v~h~jJ~l~a~ .~ th€t.
t31l!'dEl~'$Ueh ~·too· .to()twalk._9t~\.
J
~;,"
\
'-
:!rOrO\1tQ"~ e~li!j~<" Q1'~:~d l.Ga;a of thigy petun~$
(a$ ~~_11;i1 ~$elf:lt)a,)p~l''t>$~"J;~t)'ot(Jt!pr~j~etad~~,
shoUld: l'Je$!1plefw ~nT \V!fi~ l!hlyte ,oeeU2":,ill>'
5.. r~ad~o~'1n~.itl'On&""·l.t- 1.8· $.xt~Jli;)l:y.·.· 'anli1t~ll
au ... . "Ill .11" ~.
thti\t· 4a.11 of t;b.maJii1~1:()sds witU &e:t ·$L~t~,;n6!ffUl$1.,
~~ th$. g;t.~~~snd QlU.;1' jU.Mlt .~ d~td& ~t·~~1n'<ir
atl~, t<o, tl,~e- ~»tte~~; ..,,~()$t .$:p$elt'1e~tl~ ~~-41.f'. t.hlJ
¢a1~Ul·Qti.Qn.·tj£ $jlf"$$~'$t~~;·~a~ea '~" t~~;f"~n.~l~g
. ·l:~; »1~'t '.~·t~~8 (A .~. il#. 't!h1Qitl~tf'lfe~ 1* ~~4lt$t>').•
Ala ~'W!.i.~t ~lt~t?'~-n(il~e ·t&dea4 ~t'l. t:zn)11~1'i'
.Utt~d "10M s;n(i1$i~C'tii
·B~.$~,$~ 8t~~e$$lt .$m,. t~ t\1$at'lt :t'OQd:... t~oll;e::J
" ,
n,f~f)d 1.~ ,~1.¢l~"'t~~ .tO~~'$ ..,
·~,.~h~a!"St~.s$$'$.!i.
Sam: t>f ;$t~(l:H3_&~$ tit;) v~ri.1~~J. J.oa~. lst~
l~d..~latb$ ala'Gb~}4c ,.($£ the 't~N~.
"e:t.:~ $it .tim,. ~f)·~t.t~·.,
m~t16a6~n<hlJ",.v~~a;~:t· :a1?~ e~~a {~ld$ij4~.
to tpc 'pr1M:~ <ut.~$$'6$:'jr tJ:'t.~~:11.nW$1bl~~!3s:1&tl
$.t~~.~y bi$ 1ne~~~ b1-=anf;-i'...tt;~ .p$1'" c~tt'lll
tJOth. l~~~omblnat1.t);n.: A. a~til.n cehou14'~ Q;Qn:aid~4
.1naa.ut\l~ti~tlt$ d!r0ct ;$t~~a·...:' 8"0$O, ,e~:an~d~a1~>$§
wb~~1.~.Al;et:bti.~~:t'tant~~11.1'b$iO~n1.~ t};$ e'a~~'blrJJiit:1MA.c
i
~()~V'~I',. in 1l0~t d~~r1{;;;llSj eomblnatlon B .111 6qjno~1,1;, be
tl':tIJ ~o'l1$,m1~ f'aet€JIf,. It 1;$ ~tM~ ntUi.kE,lw tl:.1&t an.
rl
$pe~to:l?ll ha..l1d1fiJ l:dse~e in $ueh a _, that Wh~tl he
Is li:fti.nghts ~,m1. :t~tltl",be 'will b€tv~ ht$_~1;~
l$.t$rlll t"t)~$'.. Ye~. ther>e 1'$ til_ye th(/} po~H~!b11;tty that
tM$ ~"oe~'tU' and '.t.~d be etln~ltifaf'e4tn t"hitd$'tltb'U..
It'iifB 'tl61Jll lrznp~~'.e tJ:1at, lm~et ~4 latel"e.l ,load
will. oceu~ at thes.ame tlm$j),$fb:i~& th~·, b~ltlg~ wo\'dd nO't 'be
11'$ $0ttem ·"hen ~.mtml, l~Q;4't ~..a$ t~lns pla(t9.. (m~;
~$lla'S lat$1"811Q&,d wou!tioceu:v ~~ th!l!) o~~1;S ~lng
'bJ1'~ed ..h11~ go:ltaS,ov&r6loo4 runway ,jo!t,nt ••, $l'oweve~*' thij.
i,~ a cl'ontUt!ontfb1,c..,'1 ~ldb'" m.o.r&$'6~;Om1c,tlll1.'Y' p..andl~a '
~y t:Lx:tD.ti th$ Jomt" rat!lfio~ than bf ""~i a e~$ he.v,..
ce:nc~h to st~ 'tl\~fa0 l~8:et ,trtre$$,EJs. wldeh ~, '0.£ a high
()~4Jr 01' _~ttl:dei
Abightil~i\110.abl.e ett"el':l'Sshoid:dbEil 'Ue~4\Yb:e-.n the
$eeond~ $'t1?e~,$e.$$;r$c(.)m~~t$d.,s1neo if tb~ ~~Qne 1"$,
udf4 of$;. ~.1et1.1e ras.'terlal.'S:nll 100$.1 ,,1,$'1d1_d.>.I9 'b'olflteo....
m1~ '$'tre$Ja~$ 1'1il1not .r$du~$ t'li.9 ~t"ng'th of th&$'e1\Ui(rtl~..
SUch yl'&14tt~\ti11 p\r"Otb:te$ ¥.A~(\ln:t~r:O'r_t!o'rt$ ~d
·mhould b:e: '€!tl(told.e4.
"O~ our :Pl~pos~a'$ sooGndar1stre$~e.1l~'b~ .~..fi!Io,
flue" 4&$ t.boSGCSttln$-(l :PiJlnel_117l:1;w dlJiito:tttlons, o.ft_
Ml'itbaX"liJQtf ,oy~o$e{l to the .t~8~,S caused b7ths 'appUe4
ti:n'e~s,. 'Ali 8ueh.. thea$' gtressen hav$; 11ttl~$~f&Qt~p0n
t~l~adc:a:~. capacity. '~hn mOf!t l~oo!t':tantsooo~~~
sJt-reas&s- in era.t1& d~$l-@1 !\" duetQ 'to:rs1qn !\ttb.,e~nt~~
or 'the- brldgG" G1rdtU~~h 'l'b1$ 1s ~11y not- 1~()~ttmt In
fi1.1~al~ 'boxt:$lriera •. lfO'if$vet>, in !-.~G:amoranG~-_
tbe,$$$tJr0e!JEuJ'ma" bi) QU1t$-s3ncu_:), p~i~iil~lt l.f: t-M
i,"llV(f,~s nave 1.oos&1).94; hU'ldl~e p~e.nt tVi1$t~ :mal' b$
laft in etl<ili. ag1rde:Pe
6.ft&v~r~nlQtSt"ae ..... ''i~ u$tUdm9t:hd .!)~ 4'G-
• II
~l~nlng -bri.dgaJ.lifo1! st~a&l"eV'ersa:11$to_lnc~8Q bot-Ii.
-thE) tlcu:p1!$llfzlve and t~11~' et~$$ by fifty t;t$'re.et of
tbe~ller'$t-:M9&$and Ma1~"U tb:&~bol" ,$0 -ltw11l b~
(j~p$.'ble--of-r$S.1S.:t.111$ e1t11."~ ine~t1'$Qltl ~$~tant$t,),~tJs,Q;
eonn~etlottJi &.H; pi:topOt''tlone4 £'(.\1" the:'$l.' ,'!!Jfthelne,M\9i~~d
'!l~" Qbov~e18u$;e-o;i;'~ td..rntlQ~V'tar1Qtlltt~ ~s
. bEl., u3ett, .t:·.~€tn~~l" qf _1e~~$-ln- tht}~$'1$fl,C}r~~11~
, . " ,
'br1de;~$;, ,bi' 1~11110et ,cQ;8es-tb~ 'tt-$'~1~5 h$V~ b~n$a.f;Il"~e>@
, . .,
tOl~.'B.$'vGrt$t1gu& te$cts on plQt$$ ::C1t£~iV"$t~4 J~.t~t$
'With mlUscalG :abo. t:hf~' t}l$tatl.au-a 11jll'ltlJ}f~11$'-$t~4l1-
unU$t-' 1:i'tl-Cb condtt1Qlls tEi..a;r -~ 'f1~'1!f low,. ,-AI; an, e~'tG'D
tagts'~ -a,t the, Un1v~$lty of -1111nCfls M.V& pc-&ul'tad in
Ii .. ' ..~, .' *: ."... ,
value$' alii- ].W:·48 25,'100 :;>'~·$-.1,. ·',fO.l'J' ~fatl~$Urd-'t of'
$ueb pl~1i,e-et()r (ul~b()nstselat 2:,OOOj-OOO 'C~lea ot ~:t~,@iU~'.,
"'0".
:rhe~t~et}$ cC'yel$ln th$OO"0 tfJ$t~ '9'lU~e4 £~ max~
t:enalan t4· ge:ro~. tlnd .tbu,-$ theH _&no :$'t~t.'Ul 3J>$Vet*'$.d
wh1~ n()~117l"'e$t\:U~$ 11.1$till IGW~t- 'O't:Uuam ffi)'r! th$
. - - .' • - ';~- - - t
• >
Wh~~~or 'not,tl\1(lh ta.t~gnf). te~atlJl shti111d eonrJ>le;t~1:y '.
d~t&~ the 4e8ie,..'I).~d.~nt1son hottwelJ. the :~Q,;t!$tl~ 'ttl's·t.
~l;milGl.t~ aet~ $$rvlQG ef:tll!:tdi.tl¢'Jtt$::~· .' $l11e:e .~i~~~;1t,!nt1r_
......
, .'u~iT,he,s ve~ 'llt.t1:ekiIDW1.edG$ €i:a,toh6l1.~,anj' f>ycles of
• • ~ I I ~ • .. ~ .,
mtDd.~ $t~u or lfl:Uat k1li4 Qfst"$'~ el'tll&$ hiS' $t~ett:wi1iJ,
will :)?(fGElllv-e_ ,~$.flr1~am$tl;i4t'Jt1eof Qe$l~1.U~:rf)~ tlltt:l~$
may not ba~:t'~te€l. n()wev~~, tat~~e't6~ta"wIll oft~n
give v~lUabl~. ~alltat$w ()a·ta.
~h.$·c~U$ao.n e~m,·ot·1on$ lU1;l$1J'1'OO~:$,$M'atlve ia
cMe:~ t'hnt the. f%"lct1on 81'"111 o£ tb~ rl,V&t$ ~ ,a. 'joint 15111
.,
not 'bee' .brck$n~ \'fh1& gen~~:i:1'ooe~ln rlvet$d3ohl't&
·S.11.gntl,. beleW, 'u~1.01!ktzaglJt;~$$.e'$., snd lft:b;e Met!a
,grip 13 b~k9.n" 'the- pl.ay in the. jfJ~t: Ylt.ll Q«~$G' t.be
. , . . ". . .
r1v~,~~.tG "1<)0$00 ~~ a1tep..lating~~r$Sc$.
. ~- .
. '9~' ,·A1.1(Af~le~t~$~&Qe. - :I.'h,~ .Q.l10WQble ~tr&,g~ to
. I d. ,s mr, t W'l 1iII""'~ .J. . r" .
ll$~ 1n,~l€jQ 1.eh.1ef1~ a matt;('J.l' ¢.f Jl.l..en~ ~. d~p$rn~tl,
. .
on~ f'aetor$., If. a,11:toads can·be'Cl{)s~ly Pt"~d1ctedf
antlthofltft:Sia.Q:e th'tr~t'~~aG-eurateliC:.alcula.t~~,.~emu,ch
~~~ ~u!1ia ;fJ:t~G&_Y 1;'& ~~d, t!:~ 1f' the O:'¥O$ltt$ 1$.
tbe' Cla$e.· Thro~out the "~5re t'b(:,\tNndhaB' '~"n -to
l'Slfl$,thf)a11~b:le. 4o&1sn $t~e~~~a.$ knr.ml~s of th$
b$h$vl:O:!'trt ~.At~~lal... andGj;"$~et:Qr&l ,anal:y$ls J:la$ b~l1
lncI'$sue4,. :f~~ $~16 th(J-A.1iotl.C\1< ,~'ii. ~..tilll~d th~l!'
t1$$t~ ~t~tle_ in. t~on .t~. le.OOO tQ ~O,OOO j)'*$.,1•..,in;
t~ "la.&t8"'~t~.n1!$a:!~~nth@tM.~lt~Jlt-.OO;Q~1 1n d0,ttl.~,..
In ~t~ e~ atru:et't4~$~ 'h~t'\1t,l_t,$,·t~n~;t'le.!~¥~th
ot thiit -.at.:1'1a1_1 hav~llt:tl. :$1&o41£1e&\00., .i,n~ fM'ltU"'$
of' a Gt~1t~1.. uiiua11v ef)f,~~.1d:€I"<i u t;h.& pt')1.n.-t wn"'M
exe_~lV& (}e;:f'(}1f'_~lGklJ. e~~\tN",. 'lM.$ point usu.•llJdf8pfJit1~
~pon t~ )i.ld£~(~int. tit' tht\ ~tena,l.· . f~r0o.JI'!~~u'~:~1••
• t~·slS'ea",! .ta1l~~ce~~$.hmt the _1tf~~:rl:ni1ck.l.e;$•., ]:l) .l'tll_
nae:$ ,~:t&3. 'AnuttU'il ~~~atr.e (;H}e:U'~ii.,· at') thf; u1tJ:m$.t.~
&'t'H~th.~ 11,tt:1«1 ~f&~t~n th~ iill_~~l~ 1_4 e_ept.
P(!;~:P1l Ot.uy' •• th8 J'1.1tlpOl~t 1,$ a .bm~tlQn ·or t~
'Qltl_~.•t~~ ~-e ;$~thblg i~ tNe ln labora:tf.li%'7
t0~t.. ..r. in _n1. ~~t(Ui~$ the $pe~~nC:~6:t~eo b1"~k._
alt~~ t'tl1l&1; btl tWlatle4 (':~P;l~·it.l'1 6Ut of abQ'!~.
!'be ~a.tq: pQ1ntdeutr;~tl.onthe .ahay& of tl'l$
M)ltt,~~. Gnths $t-"$~.. ~dthe ~dnlu$0r$:1~$tlelt-,..,. 1!~
t.b1.a "QsQ'n~ _~b~.1'!$ ~. -of' h1_ ~• .t~d..l& ~t~l •.1.10014
no ~xo'" '1~4 t~, C!le .ot ,o:~d1na:t:7' ~~l'1;bQlt5; lit'0'&1 it booy...,;;ll~
o~~a 'ta 'r~'(jl$~$l()~~$1J. . If' buekl!~6-~ttll!'$ itt til.
p~aatl('; ~e,.too ~e~ ..1th tM1l1~~ yi~ltl ~1.nt will
~7 'the ~tel' '1084&
.~ dtl;.detd.gtt:a~.3$v:~l'l$a ,$1Vf}l! ittt_
~~lou ~1.$pee1t!eat·1~ar.~1•.1la~ ,to th()a~ l.rtl.
A.;R.K.A. Brld&e Speeltl_tlons an.tt $p~a~t ex.tflmslft
J~t.d; and. ~~l.l!'i~••
:a-'V31'.- fa, £UQ1\\tneJ-llltti OQ.s,*e 'OtthaveJ.u$$ *'"
.ppl!Qp:f'l$t~ ..
ft3t&'. the ~luotJf ,tb;~· •.J..l(,}~l. e(jl~1l'~e!dv~ .•tN$$
-'...... ,
.0.: lf1
In eo bO%.'gil~~r f3Gl'9tn$ iw~h tG)O loVir-, A~,on' :clQu'S~ atates
that: t:c, ,:::18i OOO-' O.,S5{~) $
This ',rea.'Ut}$$ the Itrtretl,$ t. t~elntt)aceount. ti1& ~a:!lbil1t7'
of t1l0. e;lrde~ btlCkUf'~$ld$wtttih.· :aow~ve~,:, t~,$t :re$u1.'tf.> of
,-, , .
bOOtg;t~d~,rs tn, bend1ns·:~ 3'J-o f'Ql1u...Y.>$~$' ,~, to l.a.ta~'111. ~k...
U~or th~n$nge. ~~lo;?Qtloale~slae~ation()f~ba:t happens
tl,l:&lo be&l". thl.$ :out..A$ tbEi' 'betmttend;1.1 to t;:W1stsi(l~W$;1S$
tn.etopalQnalriglif..tty.of -·the ·~jtp~Vent$t:M potati.!t'>n,
. . . . . .
,find etttc:$1l\ .'bt;l\t ·gl·r(t1!i~ '1$ "ti~',~ffiel@t La ·t'~~s1-dn::, the. 'beam
etU:L\'lot buckle la.t~~U~.Th~tlj t~ tS,1.l,;t,)~b1.~-t>~pr&$'alon
"
$t"t5ti ~.~..b().; 31Ji'4eJl' ·$l1ould notcae;P$$ldto '$ueh ~a. h1.g,h
d,$gr<!f$.on '~" lEf~t-h~«'th~tl¢;\o. ,1£ tb$ $1t-dsil" is' tl;iilSlsn~d
st)tl1at l00al·c:~tpPlln8.VJ1.I,l·note~eUJt:!J·'~~n t~~U~~'l$
',$t:r~~$ 'tn, Oo~pN'$a1orl4-7 ~""~~¢'$t ;~- S'~;a_ tllt\.t: m
t$l1$ton.. ;"i\t P1'"~a.e~t~ ~¢llff~l"Slkt aU~bl$: '$tr&.S$S for
th& t$n$1~ :and ,e'o:m'Pt-e'~1~ s'1d~$ ~~~ge$ theu~ 'cf' '
uns3~trical $'QCtlom;' w.M:eb: ar$U$.uall¥:so~ 1netfle:ient
''I'he -~&$U1.ta o-f' the pilot t~$'tfi.e8erl.hea in 'alat.eJ"
" -aec·t!on ()t:th1ll~;port$~.tb& b~plle&b1Ut7 ,of thl:l¥
..:
·d&$l§n: f'():'I~Vil'h*n U$$:d tt!:fl!b~ gll'''d&r~h
tfh. ,othf!}:t> ,e~~~." r~a61rd&l'f tot'al1!a by w($b
'buckling. In the u:~nQ..ldi0111s.Jti:lS. tbi.$ '!sI>rewnte4 b7 edCl-
1~ '£jtl,f'.f'llS_l"li), 'tQ the "41'$1).
'~~r'6 '1fll'li, two· t~'Pe$ -of' W$bbliiCk11~,tl ~~'l"$;th~'
~u~kli..ng IN).lbe'e~$;sd 't:)'1 'ti~ ,t$;et~1"$. In 'fJ'agli)n~ ,~£ fj'$a~
$lMt.~;# eM~buekUtlg,~~·oce~~Jo;t\. ,~ it is' $c~t1;rii~
oQ!\:!ll1d,e-red.. d1aeenal oGr*1~~$$1mil.'bu,e.kl1.ng. tU~Q wh~H l&:1i'i~
eGm..O:l~e~liliV0$tl'>assell Q.Ffj pra$eld;..e~pr$sa1onbueltlbg
of t~$w~b ,mal' ocettr.. ~'latt$~ is l!om.~'t
,
, /
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.•i.llar to cOlumtlbuekUng e~e:$pt ttuzLt the gtr"~~8~arle$.
ovel" the web of: theg:irdeX'< instead-QJ: hllV!n&aet).n;stant
'\1alue as lt rAG 1naC(}LUlrkTl.
Whenahe~ In.wk:U.ngocetn''e1f tU;)I}~r$.t:$~"ely1()ns
d1agonalwave-aappe,Q .1n. the wab.. 'f&rtleQ1 stlft'~n~:r$
~l'!on.n t~ leJig,th -ottbG36 _V~$. tJ:1d tne:re.Et$Cib t'he ~rltrie~?tl
baekl1ns loa(i. the,r:ebytQ.ere,~sln6 tbe s1l:.1')"$,blGsh~&r8t~$9..
A$ fit 1"'UJ.e"att6r a web mt6k1$fi:., the t¥;1,:rd~l""w111 st1U
ho.1dlts', l~sQtbat _10 buek11na 40$fl!lOct !1~ee~$aril,
Mfim 1l1!lr.edlate ta11~~, ~hnG#a lot'le-rtttetaJ.i (;;.1: .$at,ety 1$.,
pe~t4Jn~ble tJwm ~.;dfl be th$ 089$ 5;.0 a,. e$l~# f:Qr $Q~~~le ..
Whe~ tlwb~rt11ngl.o~d ~a ~~ load Uf)' -ullrQall;yeolic~~ldtmt.
{: '. I ..
Cotap!!"a1Salon b'u~kilns'fo_ID f'Gln.t1veXy' anol'tw,tiVSiS
l~lfiba ftb,(;~neEi'. v~X't~Gal 8·t:tf:r$nJA~il~,i~e$$v.'l'7cl~~~lY'
'$l')G,cal'l, hav$' littlee;f;f@ct lnpl"eWt1ttf'.~ btte~:U.ng.: gOl"1sontel.
ciJtlfffJMP4.\l'I Of1 the othe~h&n4, would be '\1~'!'Y Gf:f1cC1ent.. 'tf~t
QIi& Ef&l&:r~ u:$sd. T~~,t'"e£Qre" s~~c:lne$t1.ot1aU$\ll;e1-11'keep the
·~.~t;10 d.~ to a ,PQint 'wher,$' e~pFe$$lt'>n bUckling c~,
oe¢t:trundept~deslgt;1;$tr.$!1h~f.h
~oat of th@ t~:$oNtlc.a1 dSlJ01.o~e:ntt.) 1n~1~tl@
a·tabl1.1ty fjr bllekllng have ~ncorl!elate:d'kry '!];'imcsh$nk:O
and Pi'$&Gt1it..a(l In.bc~...t foT'n'i (1) b':tt '1 11; .mM:ye~u",4ul the
to~la. Qre, 'lneonveulEl11t fl&Y the·usc et t~e O,$tll.t;;ne:r., A
-r.ee1'l't p$.p~r byJEolss$l£:t 'and Uenha~ (2) h$:$$~t~z0d
m:td' ~tendoo 'the ei.a~tle $b.d>l'lltrr tb.~or-J Jif) tb.fd;; .1t _~ bi@
~. 17
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$~atea tl'lat stlt.f.enera are" X'$qu1~4 When the ttni1;;ahear
lS.•00.<0 •
.. I$oii. • .1 .. 111 . _
~ t~t"$t parte: th1.acla~:$elti~otnGc~~~,
.. " ..
Ge~auoo fo!" 'h1.uea Of~,·le.$t~ $0 1 t a1ve8sh~lngstN$a
valWt)'s above the 'Q1l!)W&ble ().f 12"OOOp.~h.l... l''beo'retlc!\U.y
. '" ,.
io:r· $. enear gt~~.s of 12~600 ».8.1 .. ,. stltt.'entlH .$h.Ollld t'10"t.
. ·..lr ~ !
borequii:>ett. 'tk"'lt11 the~,rat1.o 1~ O\f~" at),. itlltd th.1i:4ba1!1 b$en
eh$ek8dby .testa .( 3) ~ ,l!owe'\f~,ts~ tne.$h$oPy atU,i\!m$$ ide.a!
. • Ji .• \ .:
eOl1dlt!on~ ¥Iithne1r-~gtlla.F1.:tl~H~'; in" J;l~e pla,t$$. so tl'W
"" .,.;
allOlf.elble value o£l. has OOQl\):r,edu~edby ape.elf!.e&tie~
wits_to ,10 ;to all",. to!' t.h& .t~"&~l~ltte$,$ c8,~~e4 b1
.hop f'abrlea"tlon.
It~~4be notett. ~v~r. thattb. ,.bove m:tn1~
h .. ' '" ".' ".-~ vatio tor" requ1~d,at.1:tt'~el·~1a bued ¢.n thes'uppo~!t1on
that the web 1. *treai!i~4 tOth0c $.ll.~_blc$ ,$he~r. $t~.$. ~t
a.ooo p_Ifhl. IO$n1 &lrdll)~fJ, arad. paI't1.~ttla~ly' ~ubl.'"
. .
"0 g!l'ld$rs•. m1nt~ t11.te tih1ekne,u,,~u.i~te1"'a:s-ul'
"
"In ~. eaStl3:g h1~ecr _I10WAOIG l'at1CH:i r·OI' .!1 betOo" ",...'
. .$,.
qu:l:rU.gfJt1tt~1~a$b!ould 'bs eons!40x-ed.
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Thrx>f'etieally (2) P' tO~$ J."a~10 or )..5· ~t:w"n 'the
eli1 t.1eal sbtlQrand de.lg,n tlhear'stre&$., $tltf@ne~$.~
~etlulf"&e't-wh(!}.nl
It ttl!$- 1 $ %I:$dUed toUlf:W1 to:r t~ ·t\.1.ererenc9 b$tw~$1'!
1d~al tUl..d de&1en eOlldltiona t:nthtDsf.llm.& ~tl()&.ti 1$.S pr4vLoual"
4on.$to 8,e'ta limit of ~.=. OO~ to~a_he~st~.a:sot: 12.000
p_s.1. # tmlfoll0W1ng e-qllat1t'mrt)r'"qui~4.~tlrfen!Ji!'"a"$'Lllt~~
Stlff'$l'l$r:S &:r6 ~equ1~d when:.
~. 1$greatel' than 6000yv-'
The above equation 'f!l111alGo .pve:;rtl£f$-ner req'}11ro..
J,'l,lOnts fop hiU'l tensile st.e&ls.It' a.8teCil wtth an allowahl..
tibefW atrel1scf 18.000 p.3.1. '••re lUJealt fill. give a.~
~atl0 of 48.8 .. C~Qn r&qU1N~jM'1~ in th1.$ -ca~$ :1$ t~t
$'til't'en.rs a.'r$ ~u1r$de$.ru
4aglat&1f tban4S.;
The eo:tmf1O.:B .rQNUla t'Ol~ st:1ttener .p~lng :1 a (4) t
l =,!55.~V_vt
., h
It 1$ bm.t\64 on l'!n1o$ber&;o'$theO~'1IU'ld ha$ $_~ minor
f.tppr~1t~tlons lne~m.pu.'tln6 thtf1CODstaut$. It 1$t.l l:1tt.lG
lneonv~nient to'Ule .. tmd fttols$~'d.ff ;and t;1enhard (2)
3~e5t £01: 8tael~ .~ tO~1.BU
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:r~~afb-ove~ ':tb~ dtl'Eer&me$ 1n$P~$!t~. 1$ d1t~ to ..
d1f!~e~nt 'method o.r :!nln"'O&:etng :tha- :tmApec(}~fftel~~t.~··~.d&
.f'fi$ttttit. $~t1..e.&t've$a,\lJ,ovs~hsit ·am$:11t1~gtl.tr~a~1it's~e-1~lS
~tM ,t'!LQA fO~11a'lI but, 't-b0ftilults$ag~~ Vf!/f!3 ~l'l ,in
8!~ v&~tct1\1. $ttfttltlQ1"'S ,~&.ttre~11tt1~U$f)
ttl P~$V'tJ!~t1n$eQ~EwelU~ioo.e})R¢\(11-~,~l~~·$~ll~~e~tilt
,sma1.1 !n:teM~1$1~$th-an2/3 ~h$el$-~ 4~h~ It.f~11~~a
tbat the j. 1t$.tl'd .,pr the~web m'.16~' t)'$Kept ~1.owth. ~e
valUG 0f' ~ =S't.tr.ten~tt ~~1~J,'1l,o' ,~,-,.~ ~~3.:n$ €!,1y~n: .1-u
nm$t 'specltt~t1;~ 1$ 170.> '~$' ~Q.1u.f.$ bQ~4 .~:n ·t~!
Q0S11t;nlPt1on-'t~'t, '~' liSW~~i(};omp~tlld ••e ~tJ'l$\$$ 1:ntl$ w~b
(it till_, 11.08ot· tnctflP.ngtt '~.~q~le:'O.~t~ :maT'~Jm.
alloweIbla tbjS:Lla ,$'tlNll;$$1.0tf 11~~OOp.~l..1. :toP 18.000 p,o$.l.
dealgn $tre$~ Uil.. ~$, tbi.1l- .tac-tQi~WQ144rmt. a.pgl,to
" . ','
,8 '.lckd, £:l:rd~J? -$1_~, t.~',~~stJ?e~nS',j;ntll\1: e:Iefu~4epth
o;f'~~ ftbl}~ ;PJ;"~re:t1ee.n¥ eqtt.l 'tct'~} '~~'da$~~
st'rs~$~, ffj,t la,p:OOO p.•$:'1',•. '
, It; would 'b$ 'in 1,L~ 'With thetb&~~ to ll!d.t thi,J~4·
ratlo'b7'tbeaxpV$ssl()Ut:
·li..12,.OOO
,ft.lssS tllaa, t7Q
~.ttO!lp~:a.a1en$~$S
1,n el~ po~ttcOilfJ:t 'l$t¥b
!i:d,s ,(lt~$td,cm~$~,~ll s:11ow~.~~~ lX1. CiSa.l.gn
'by all<mltlG high~{e ~,%'~tlO'$ wh$~ the~~z> ~l$ not fun,
,$·ti:l~$a$~4.
•l,t,~lS'o pt>til''i:t)nt:t1 tch& ,~~. (}:ftO:Oh1#!Sli ~ .. valtl.em~M,on$
.9" tn~ P~8~nt $p$olitieatlo11». d$ u\')'taDly.. .~{!). to:t~lLa
18 ~e.d en .t&$$f$t~ faetior ()f 1.85 w141eh :t;s'tltlf!t~t;10 o't'
. .
tlW. '11c9'1d. po1.~to!tS3t;@ p,.s,.!e., to th.e d$$1g;n ld:;~$'$ .~
't;::<,~ T-'>...... -iiI:~#!Vi,#V ':-.·lIlZ'.'~.
s~ ~~~~l'le~'Veb6$:nWlia1~$d:g4 t;hl~' ftt1!!)f).l b1p~
."h....''ft' '!l'1tl:~._. ·~"lI..4&"'" ~''4!f .~:OA""'· 'f":""'-""'''~''''''~-';'''''''''m.'''';,''''~4!S~·l!l"""",~~:t""""d;'.'JO!S.. ''~""',41"'1J(o"" ·...~w'~""'(;..""'...''''''_.,~.J' ~W"'" "'94' ""'''''''''''ll'.q;r ""'~ """""'il' .-.""",U ....,..,""'~iI>'
Q::U.;rso.ble eom~"~l'\1'.~:$,lan .e;t'r'&$$&$ ~~$.d."··tn· 'VIllL't'U.i'f$.
&~'b~10'f:l'12#OOO lI·.S.•!.. t~ ~l1oV1de .toll1At~;~m1c.kl!~:of'
·tbe· eOmpN$'st_ .t~~.•, Wh~tMs baab:~ .~ C-e.$,&,.el
b1gh .~.. ~t::tO Pl"'t.ndde$'~$~~h .rgtn of' sa:t~tJ'~6Ja 'lc'fl$~
.on~ 'With a fd.gh~~ i~J~lpstN~s.
Ifb.&' ooo~lc~l design .o£b!gh t@.'.\$1:1&$'~1g,1~-e1"$'
1.4 bQndte~p'~ ~yth~ 11:mi:t1ns 'va1u~s of' .~. ',11vG 'byfiiOst .
$p$;ol.fl;().a:ti1o~$:., .~~v$'l:oo:se:ab$l~aett 4. gtlo4 ~1 b~
~opo~ ~$ ;~t:h~;t'!l~t1.ta1 ;~t1tt'a.~~rtl~.~nl"~~ri ;~b$ t
'VQ1U$8~;~~ tb\1&~6'llf" '~;Id.$lil~ ,eq th~t,~l~~C'~t)~~,
re(3netlon 1f1'tt~:tgbt b$.·~t~n~4~1 thth$ Ul,t~\ 'O£h.i;p~n$ilc$
r1"i1~t $pa~ing :1& to 're:~tdr$@t1tt~t!~~the 'tl~'l~ktls;$:$ .~'
tM· mtt;t~ ~eCiJ!~n.. ''!b1J's' !,~ b~Gt1Ul Ofi.$G.: 0'14 't~~t;. ~
'f;¢)rk'$ 'W'6U :tn. p'~t:tte$.. If the·~1a,te b$t"~$:$n t..~. 1'4"tf%ltks IS'
co~$1dtl~d 8; f~$ta ~u~d col~" 1fh1eh 1s a'~ood~~;.......
..t.lan tfJ,"Pfi ~.:i,'tt· ,~t~:p~. tll$ plate ltH~t~'$en t,he rl~$t.wl11
•
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~~~t'#J~~C;~!.a:" ~~~1~ _~ Q$~~,~~$ ·~ij$i~ ;~._.t.~ .~.
tt.~. ~11~~ ~;~.t•. lli, IS t~ ~ tblQk~~~[~~13,~..
~t ~. 1~~ ·..or.r~_'Ji~~1¥.~;fi~O~t~~~,~.,'ti.~tiJ·~.ti
~~'m ~~~~!;~.fi ~~~l~ ttt,-. .,t_~..~, ..&t $)t
a~~ '~~~~~~l~~"-Qt1ad!:t'~£':t:l:~:t!~_... ,CiOn-.
~1d..~~
__tlo ~f' t~ ~ldtb. ~-t .~ ~ttt~.~~~.•~:l.ft,
_* .~ ~..~.. te· tt~ tb.\Oi~$~ ~t~.l~ ··tt~.. _~Oli.
,
;e~!J.1._t1c~:r~ .IQ•. ~~·aa.A 'o~~et-l.~ aV~~~18' _tl~
,
'~4 ~~,~ ~ .~~:.ti~ \,~q f14~ t~· thf}~~
_,L~ ~$tl~a P,4~~,.~· f~tM, w-1t!t~d ~~,~-$~. ;l;$ 46 (2j~1.
~~~~. t~,.:,ttj ~~~lt; ~ '~"~~~d ,!n~.t ~~~~c!t1~~l~
.~~ ~.. ~ut.:f) t\~ct'~~:l.~t,l.l ~~,. m t~r#~~;,. ~ Qt_
t~ ~~ into ~.{t(1~J; ~. t~~tt~b ~.~~1~Udt
i;)t~bGDi~~t~nl'.t'..tt$. be:e~ ,~.$~~ ~ ~.~.•~.~~$'~:l,,;
l:'tZP'~~ .~~~~_ .~t.~;M,.~1.1~n.~~~1~4<i b~g~
. , .
1fi·~.a.··.·.·. ~.~~.~...i!h:.i!l>~'""!i';!<& .~.b,:~ JI"k..~.. , .',1'""i'~.!'t"'l"":""''!1( '1'~~~"'~~a ~A~...
.-}:&, ',~ ;,p-~~~~ ~. ~ ~~~~ ,~¥~ ,~·,~~-,~~w~ .. ~~·ti ~~ ~_
~'-'Q~~~ ~;$ tQ'~e ~. ~..~~" .~ d)l,~,tb:. t'til'th..".
, .
,·~~~tl~ !rV. .~~ ~itti~l~.' :~~)t)1~ ~~.l~~_.,t;..!oa...
A~~-11;il••~~ t:~~U~ 'tFa11 tv111~.otl, '~~.~ l~~S~
ut&ntQ...$ ~. ~~f'.t"~~~.~ut it ~l,. t~a.(,*~t~1? ~:t~~se ,to- 'thfj:
i!fl'f1t.~t1!"_ the ~~1 l~fJ$~ &0_tt!i~~t:r~t_" ;t~ ·d~~~Q
~~.~~.i,t., xi ,~; '~•.f'!fQtllJJ: .1.a&.~~; i)~~:~t- ,
~4;. '", __ t~ ~.'~_ot'~l,~..~;f~:f'.!i!"
"if:9'!i "".'"...~.~.~.~'-s~ -U.'~. 'f'~~.:;cc'£ <!' .•> .........~ ~~l~'''''~·~'').,'''''<-;''''~..·4~ .. ~."l!:~~"W;~~~.ik_ ~'i W:~ ~tii\n_~'t8 ~s#, u~ .. , . VI ~:&#.*"'W~~~~ • .'
. ";
th$ ~tl~le~~th~~e.la~.·tl~tl~~'J'OO~lt1_1~bi1
I'
I
1Seoo ,.,.,..
lilt b' r"·· n'&,~nXf· '., .".\"'7:?'\p"'" t .-" fn.r +
~"~ ~-1.. g1''i1e .~.l1,lO~ ,e~~t\C'l1tt~l ·$'$;e't1~ ~~·t~1:
c~~ .r-jl~~ 1£':nO't fli:llU'$t~a.$~ato the batrlC d~$1~_J1n $.tres~'
. -.' ...' ~ . , . ._• til
'of lSlJ~ 'P'.$:.1i•. ,
'~eo!'lt1ng tOe tl};~$l'eelr1e~tlO1ll (6) tt-ae :~d_O't~$
~~:tst:~a~~l~t::.t ' in. ~omp~$~ioo.(.~C'~Jtwh~~~~t'dm~o'_.~
by p,1.atea) '·a..~n{lt 0~$&t.i ·tn);;V\$ t1~tJ the ~;~~~,S'$ .;J)C)'J]'
.- ~ j , . •
G1~;V.tJ.6f>~e$at\d ,$l;tt~n' tl~ the,tbickn&~s t¢l~' (Jtl;l~~
~~."ije.'~, ~$t:t1, theth(if;l~t1e~1 valu.e 1~ 12t.1",t:h., -lOa)
Wh~a tb:e l)ft1)~~tlon&tl. 11.mlt t~ear~s-ld$l1.edtl'; Fo~ aohigh
. . . .' . ..,
:t$n$lJ.~$'te~.l""th~~Utlt$':t~,., .~. ~1l,l$ ttt 12'· ht,e1~~¢f~
-,:::
. .
1fJ ~$$i tQ 1.& fn1!', O't~~!!'~~~F$'du$" to't;h~ g~at~r$:~~,
ti7Ji.t.y ~$m~ly ~1!ea~t .tn tJthQ'r~r'~••.
"eor~~ ~1.$.~$ln ;$::t'~a'(;~~~eit1eQt1,~~~ :$~t~s:
'~t _b ~Pl:t.~~3&'~~d~. ;.~. ~q-4$.1 .t(t. t~",. ,s;tN:nph ~f' the
_\\lb. ·Evantb~).$:p1.1ef:}s·~Jr.e d$$itS,ued to b~ ;as, st~ Q
~h$,_~~:tJ;.' '~$;f;g lr~.· d~lnelg~9:at C01~:1a UF4:~v'$l"31ty
.~th~:d;,th1"~' 1$' n<>t. it_ ·Ce,.a$40 ftL., ~c:~~t~ii tllQ:t
fibttj)llcets ~plQCftd tat ~~et1lj~,. ,~.~ 'tb$. strSlJ& l~l ~t. ;a.
;$~' :QtJe1t,i.~~~~· !'~(;P-l1" plQt:$ ilri:e~sto ~
. .
p~pol'tl;(jned '1)7 t;he~Oll1~b.~t ~!"tle, fJt· tl},~l~ !l$' ~$Ct.ltktlh'
~,$ 1fj,ao'm9't~~takentC\.ntean .~ 'SlJ"d~i" w;;'.th th$ 1'il~~t..
'htlee ·ded:u.eted f~' bOtb,fj.ap:geEJ pti301ne:t~$a taltellto
~a @;i..rd:~r wlth 'tlt$. ~,,~t belf}s '4~tl~~4 .fi'~~tbe
t~.ns:loa nang~.$lone-0 !h$ A.~ sp6clflc&tit.ontf,cl$U$e
~'ber4~e.'$' H~m~, t~ t~$l~ st~ea1Je.tQ be· '~'C'mlilutt)d
6i:l.tb$· ba~i.s f4 the 0ntlW~ n~'t $ee~1<m#.'a,nd,tbe¢~~~:$lv3
~t:"$~~~,ol1~h$'b$l.d;$of tMent1:re-~(;s:s:~etlo!'1. a~G_t
t~~t:s '~tl.. b"t'h.w.tt~:l";fthGWtbatth$ne\\t1"&:t~~$.M~n$
~.mtb~t~tl~;a.t :th&·eGt~l"o:t 'oh~' bellil1ft£:(;i1;' $'~t:ii'1~
btiY'~$:.and t~t the aV$~e~tN'.$Q.t:'~89:GtlQn tt~.
th$ pi,~t, holes e:l'..eok W!thth~ net,a8e~lG1b Bo~$r# tbe:
~".,~!an rla.~· u~a.l13:faitl:. b;:r~~, !"ll);nn 'ot* bucklinS
~ 1.t 10$ $U1.1 a q~.$,tl~bl~· }?Qtnt:al$ towhethe1'tM
bueitU~ l:oad ~~a.·Qll 'the $11~r~~~ st,~1J$ a:10:ng th0;
$$-e~iooJll e>rnpOn tll~~\~rrU1! $:trea-a at the 'tl$t $eeti{in",
..
ft$:es-1~ .011 ten-a: &.e.P~$ l.t;·Q sttbj&et; (thwbleh
. ,
~~ ,lieem,$ 'to" ·flQ4ttttl....~ .~ _;ten cQA$idia.•ble ~Jtp.el'''l,..
~td W~~ .1$ ·~.Qmad".. ~~e 8,tit.£.fGn$'1~-$$.re, i"~qttL~d~.
db:tphr~eml be :rm.batlt.«..t.:ed '1na-te'a'idj s:rtd t~ v111.1m.et
b()tha$~·di~¥l~~anll,1Jtlf'j'"e..'".\EJl:', ..
~~a.~$ u:riXl.bly' tt~t 1n ~ae ·Wil;fS.•'
111:r.--st,,:th.Y' -disrt~U:mti&.l.t~~l a~ ~t"tleal. 105;4
~~Q'U.t· t'ha wMh e:tl!oQel! z~et1en!.· rn1'~l iff 'fl$~ ·1~~rt&."it.
in ~i1t'e~!ns lnt~,~1i.al. J...og&J t~the ~p~~sion;~~
~o tM~l<&g1rti$~. Uth~'riSl_~ n¢. Q1t'i(pl:U"~sm'$.", S ls.r.s~
~l~@£ tb$. ];«tt;e:ral, '1'fi)aii wouJ.4ha~(!! -to ba ;tSil.lt3n l»)"tlto
6(lo:JtP:l'~$1~ f'l~e". ;~iQr· thl;s· ·V;;1iriJuae",,~..!~p~.e~~u1d b,.
:11~~ &31t~~ teo t't"~fer the l,oa.tl 'WI thGut ·~~tU""·b'U.ekli,na.
~~~ ~------~----
-('
~1i.l~en4,dia~@!!$~tn~tn$~pea:ttht3i#$ct;~~,n!i
T];d,,%"'d~d1apb,.a~~~~$vQ.~t allpP~~Ql~t.oo;~cOln.t'$
~~. ~
'\1ItbM. tt)~$ion$,e;t.$: "¢)n th$ b-rf.~it!i~:. \bls 1'8 ~. t:~'$:J tmXjurtent
.tunc:tt~·"t' the d1A\p~:rs&-~~ ~4 ~. liitu!'&~1!I,tn t:'te,~e.r'
ot diaplU"'a~~$,-fiU'mak:etil.'$- g1~r- :4ft,ttf~;,.
lkl0~1~hort- ~tap1'~"$ ~Mul.4 ~ ln8~11'$4tGPM'i1~t
the :a·t:~ll lntl);et~(Jll$y~a!l;f~~$~~t:b;~$Uowble-
'it i-iJl'\ec~d~d~tt~~ 81~d'el"~ '••1:.1 'be ~1~,t11y
$ttttehetl tG th...ntt :l~k$ b1~.~~t$ :$M :ti:eE.Jc~' It tltUll
ls ootdtJ~J the tO~s1t1Ml ~bnt1~Wl'dt:h!. ~'$tupby
~ ~e$flJl'$~it!neMdbr~ld.~ fo~&s•. W1tle~61'1t.tlQJ;17 loos~n ,
th.g1~~~. B.vliD WliW.nttl~ _l~$~ 111 nQtl0f!~d#. t'hi,a
V!.bl"$;'tl~nCEmib;'$$~:!"ii,~tl$l ~1tti.etdU1Jf liidS$~;p·t"l·~h~@ll:1
~l'4e.rs ~~t~ ·tli$. ~$~rof {ira'\tlt'f)tt't1'&e~it'd~ 1~ l~
tbaa ~be;~lJo~t$wtih$en(itl~lt~b.
~~$~-elt'iei1rtlt;}l'.dliMlth~~.11~'1 ~lt~ ..~ ot1!.'
$'~t't~ ~1t1~~te f'Q;rctbe.to~\leCQU$l~dh.,.tb.e~elgbt of
tb.~ ;0V'$~~'~ ~t.$~..Q$. the .foot~l~.$:t¢., .'G~ shfJl.l.li.
~.• \tts.ad 1ft ootngth1:$~ ,$1ne.t..~l$(Jaad: '1.(,')~d tQ~lW"V~iL'~:t$$
t'w~ll tt1~ at t.t.-e e&1'lt,et'-, to f!l ~i~a.t thi'l end.. to
ba1s»&t'he- ,d~l(()Q(i t~1'1q'U!9 th~t~11$1 ~ilt'fnt11~ h-Q.vG.
to 'btit. onlm-e ·at tbeconta:r andottfj~t~·ttb&G~. ~~
~u14be .f.m ImpQ~$1b111t1 bola··:8 p~aet1CQ1. _m~ or rt.~.
_.._-------~
------- --- ----
As eta':ted l~r0V!~Ju~l;.y 'in th~ r~p~.1'"t:i', too .f(1)~,G;'$
rCn,!}' fil1.owablefJ t1"$sa intl}$ t.op .,fJ:Qnge, ttlv. ~lue~l~~b $.a$m
too low•. No te~t>s of boX', aeet!ons llav~ ba~n t.Q>und~eh
fa11~, 'b1~t~t~ buekli~ in t1 ::p~.na1n~ tSist (33) JI),ibU$ tt"oiS:rze
i$ litt1& j'U:atl,.flc~ti.0tl"fo~raduc1ng thfl el}~press:hr$: de-sign
:streaS$;1} t'Q ~l"eVetlt l~.ta~l 'bu.(il!:l1,~as la- usueJ.1y dOO4h' '
\lo.fQ~t~p 'eh¢'e~ t}:l!:Ij. .t:~c:b,.4, 't,~$t $$€it$'~bnQ,
, J.on&'!l~l?_b~ €t.l~d0r . f~bf"ie:Qt.e4tlroml/FJ.ll p1:at$'".T"i,$' .g~~J;'"
W&3· IS- iQi~~ lOll ..de-ep, ~thet'l(tmses,.et"SaU'Blcf{~h' A6$f1....
ins ,ot' ..:tb~..~~.~ ttl $,1van. ,lrti'ig. 1. .;'oJ>;fl\ gl~ of' tbe$e
,P~vo!~1:tln$1,t~\$ alli;)wabla tie.eign .s:trth~:$..·1$ '~VG b-y tl.,~~n
_. ':sa:
t.",.... =·19 ...e'O..·· 0 ... 0:.3,5 (!} . '
",,!iF ,,'r,
The ·f'opan:.iJ.~'jt)t (}aur~&,. 15 Mt 1n~9.l'ida4to '~pPl.y
..
1n this ~~;. but l't lUdicates the:t the g1r:>dersho:uld £ail
at a r'alat1v~1Y' low etre$$',.,
, "~$~ "'lAS aome4tf:f'1;¢ult;.v ln~l'alDg tb$ ~m.Ul·ll.{iht
"::. "
stN~~~~,; to t::be tH.$t.ol~l(t1\ (J:&R't$~(! inr h$~t1ns 'th$ tbln pla:b'tH~•
• 1~ri the:61~et· 'Wa~ tQb1"lo~tiS4•.e, twl:stt 1t"$mt1,.lned "l!i'i~'bea'Use~
\ : " f! •
tb&~~tlt~rtt¥ 1>0 abot'it z/ff;:"Q\tt of 11n(3 l1Zith t'b9.$~s,. ';hi'$
t'e$u1t~d 1:tt :S~__$cti&.l:ltr1al t,w.b.er1 tn.loaa _a ~:ppl1e·,.
,. ", ;. '
B.; 1Jes¢:cl!':tlcnl. .e:f ~est
I ,'; i:a: - __4ii=i.ao .0', _.M
,
Th~ l·('1iQ6:W'a$ .P9:U.~d at tn.' cen1;e~of thGGlrdt~JI>, by
.:....
- - - -.------0=
./
,,,- ..
"...."
l~~ ~:UO~4th~ t,;t~9~ ~~~tl$~t'ttl~~~~$arrAtiil~.~
;~tQ(t~~~* ~. t$~,t~~"''.;!!~~~~"~t·litf~l:Ch ~J.1o' ~~$
:W~fJ'~~t l~t~Rt"·i.fl, ~~11__.., ,~,~ '2tf1,b.;i;1.p't~t,p-~,!~~ Of'
th\0 {i.~tl~l~4tl:¥l ~~!l¥. .~ .D'i~.l $'b~ t,b$~;ta'-l$ or-
~ ~~1~1i'!.$ __-'
'$J~ '~_ ,f~1.4 .~t; :0, .~ 01.'000~ .l$~~~_p~n••_
'd 'to .s, ~l~. '$~~ti~j ,4j-t:§~~ot IiJ~~,.-~.;l., *'t'b~
b-1~~~ .grtl~$~M~P _N ~~ ~ el~~d o~ Q..'Ot)ll)••,
~~._;it<~\ ·.$;$U~'Iot~~$_ .t ~b1,~ 1000-_~ ~~
. • . . l
~_0Qttt ',..~.•1."'l'4$ 1& ~11;~tl&~*~ti~ tM'rI'~)4 ~1nt
or 'tlm· ~'Ob:,_t;lilVJ,~l. 'Qf~~f.QOO p.s".~'t:"~' 'J't~l~. ~~nt .~
~. r~_t$'J!1a1 ~~~~~ooo ~••~1~· -
~g1r&~fi.d.l~d l·~~·ni" -~. lib~l _'br~,~a tiO
~*1~. ~.~ ~u~~~-4~l~ ~~ ~t.l~~l'U J'l~,po,1~'
~.t-"~~. ~ ~t4.f)$>~~~ f4.t t1'"~C'~l'lt~~~~ '~..~~~~~
:b~ bfj~_~ned.b$~.. bol$~ut !tttt~, ~t-.~ .~. -lQ~~
~s,. ~. ;.p,~1d!%~ tn tt~.~ ~~. f<Jl-1~ b1 ~~~~
.~ tb:$ e~~~~ionf'1,~~$$ ~~t@"__ t~;t.~~J~t~t·
1f$1ds. i~~.,~,~a,t~~(l~~~t~ ~th~,~,~.·~~~,t;t~
·~~J.,at~~ lT~~lt~: t:;:t' ~~$ ~t$_~ ~t$$l'lU~J"•.~ _~14 ~
P-~~$ e~~.n wt of 'I~~m~1~. l,b ,~. J~~it -$~ 1)~~
U l:t ~(l, tl~_ 'ooj'-~a .~ ~if.$-t.
~..&tf1~et1~t\1i~~~. ,\?lott~tt 1.n~ti.1•.4. 1it~e~tjf§~
~~n~ta~.. 1.5 PRct:teal.1.y4l nt~v~-t lln$. to ~ ~t~:.
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~;~~~·t~~~..M~"'t~i!t ~~.'.~~.~ ~t~~,.
~~'tttm~~1.·~~· ~~.t(\ ;~~~"~.• -' JIt.· .latL~~·1$·~t·
~?I't o£-·this'-~_~ ~ !li4t;1~1 ft.__Q!tt1~lJ·~ ~'.
~1J' ~ .~ ~·tt.al·~~~~l~t_·tJt·t_-1~~ ..~
~~""~ ~. 11'1);'-" ~t~~;D"",,,,,,o/'!&",,'\li-~.*.,,,,, '~'.~ ~~""""''''''El't~~t>,; ~..~,~~,,~~ . .Q!h.,>~... ~~~'~'~ ~~ ,~~ ~11, -:~~'Sflfio~U" .'_~~~ ~':!".,
~t$\~l.~lMt:t=~._~~~·~tkt'A· t~if.&fthe'
g1~J:·'•.
, ~. ~_i~tl :~""S;;!J ·~~~t_, t1~~,,,~ tM'l~~
••"••.~""" ","""..._ll'f""'''''_A ,~;..,; "",w..._. '/i"'..-ij """'..... ,,;, .~~ ~~ 'iiIl;""«m.~~ .!iti6i '~"""k'a,.~~i ~;!.)~<r. ....,~,,,,,~ '>.i>.W; .~~~ .~~..~"'ii!\<f:Sl't, .'O.-f/i. ~\llr~'''''~_~~ilil:_~: ~:~ .~~
',,--' ,. ·A"'~ .~.1&""" _,<i'~~'" ..... '.- ~\i, ... iJ,,,,t;"""t!liIiJ1!J!i< ..... "1!iI' .""~~""" . ~ ;t~, ... ,,",,-'!Ii ' ..~~,m.$1P '~'~<a>.~ .~iit.,~;'\"i;il!?t~,~~~.~~~.'0'& ~.~:;.~~_~) ~.._.
~ .~~. ~.~tl~41.»k~ ~it~~~~l;;'~:a-!\~~~:
. ~~. .,.~. 4_ :~,;;A ~~."", ~'$i;;~~ ....~ _~,lt~. p'.!o';j~ '~""'. ·....4t,~'lj;>~A .~.~.:.~~~-~u'· .~~ ~_~~~1i; ~,A~~~.· ,~~, :5S:q.~~ ~.~:~ :.~~.. ~'~,~~:~~~~ '~i1
l00ttl 4'L~. .~. ~~1_,,~~t!t$t~ '~~ $_~ ·ot.~
~:t~ ,~ ,~~.~~~ ~ ~~~~~ .:It'. ;t$- ;,.~
Q(\lt'~ :~l..th;..~~ $~~~as~ ~~~, MiJilt, 1;$tb<1~~~ .~t:
'~.'~.A. d:1.f~F!l~~1t"" 1.·ft ~~. '~~~"WA~ ~~ ,-",,<:t?-ie.i~"""- ~"",.'jf ...~:<ti~,
. - . ~· ~w~,:1!'_.·~ ¥""!'~~ •. _ . .~ .,...&I;:,_ ....
\'lh.. '.'.' 'f1~ t".., ~~:t·~i·.,.j, . ~.... ~~:~~~,~.~!$; ~,.... 1l:""~ ,• ..,. ~~"'fili!~¥_.~ J!< .... ~~ _~'" ~1' ",,_o~!iOI'.~ ."fi'#'~";; ~,", ~;;,lI,#
.~ .~ ~. th~~"$trl~~l ~~.it.~~t;'~.~_, .~~ '~~~
_~~ ;g:Il "* ~iI!. , ';1r'ih-' .'l';".':" '\iil;;~.'.",~""" . , ..~ '.. , .'. ''6''''''",",< :~~~":\oil' ~ ;J,QN.r.....~'. 4!'i-~. ,~~'.\\ .."'~~~'AP~~~",i;>.~~ .~~
tf,t"R. 18 $~4t '~·l~~~,., .~l\l~~1iJ-altQ'\t~t:.,~,~p~~lJ@l~,
Uat.t;.' fiJf; ·th6.· ..t~'.~·_fi,.~~t_~~:;l$'.~t .~~ .'_~$.~
~~* it: 1i~(!~"t1, ~ti~a~~ t~ .~t~1,~~4
$t~~11: bj ~~OOOJS~~!~$d,~ . '~~'1l~~~ttJ#' tt~· .~Jti~3
$t't~'~~ ~"ti~~,oo't;~l~ ~t"., ~~it\'~t-~~11',.o~·~t.~, _tb
'--:-_- --~--
~-_.. _---
.- -- ~=--,I
r ---
tba.t, a~ t}l~ bottomf1.~~ ellg$·$tr$~l$,., 'f~V 'Were not
plbttetl i.llJ'lQ. '5 ta-avol,d¢ol.lii.~t01~ In th~ dlQ~r-~
..If1&_ ·41 gi'O''C$-la...1>:1et'Q.rs ··o,ftl.s:trcHIJ;S, di.lltt~1b:tit1¢!1at
t'b,$ ~-$l1t&r('jf..t,."l1$ &1r-d~r'at '~ load .Q.f'2500 Ib',~ It 1~:
~r ht$r.G-tJt to not.f.l> ~&tth$ t,o.p .fl~$$t~sg-. 1,s :l(l~pl:r
untf'om ·~tlm.$ ~!lt~ia.t'th~a:"e ls11ttlelat~~el.b~n~..1ng,
eV'~D .for $uoh. -.$: _rlt,Q?l gi'r~V'~ , At ~h1ahe~t load
m€l&$u~t.11Jju~~ b.e.fOJ!lt') ,.~h$.~$~t'&11ett~ th$va..~tatl~. b
th$' .$tmlin. _of tht) -~Qpf1(tns0: t'1?Q oue~4~~.to the otb$.r---ftS
Onl-7·25$~-G.nttth~ v~ri,~t!Qn 1::n.~jt-F~~fJ- ·~l«kl·$~th.$n
thtC,\l' amo~'t •. --
(:,. l'$1seU$sicn ·114- 'Tce:sfa'
iPe· . - @, 11.'-.&" t·. - - - - Pm
-~bi-s~~$t ·i}hQWed tiUA-~$ Sl~d~:r_.ltb,. ~1'b.ra~l~ --&1$- Mt!.h
a472 fatl$6 not b:'1l~te~ tr>~k11~ butt' by y1~l,d1n&ti#t the-
-e~r$$.si_~n fla.r.g~ ,_e~n -th.~ t'1,a~eW4$ f.l'tF¢3{Ied ttl:tt.
N'!Q-l~~lnt;.,- -~f;t -t~ilea:~~$th~tt-h~re Is; ~$~'th111i
- lmd1c~ll~'1 ~namtb t~.Uowt1hl.eet'.lmpr$.a1~ve de:$1g~st~sa
.foNul.Glf;! far bo~ ,Qi~d'tlr$. .~~it~~t,' .~. ·;t~$1~·$tl~:a.'$
'. . - ~.
l$th. r&a$()'tl to~ .th&~·~tff&~e~;.. .~epQ~8(.U~Q'Unt,ofth$-
to~a-1.~1!d .:c.tl·~wh1oh p~'V~n't& ~b@ lat~11'a1 bu-ekU~ <£ such
~det'-~lC1Ul\Ut~U.bt-edl,..re'~1.t1!n !fTtJJ.'"I ~p~:e:1;sihle $C~~.s­
In. de$1!l'ih,
-'the. a~ve te$t~$U1t8. h{}we~tr;,j.;eu1d not. ',aft:~ ,
I-b~~.mde$lgn~ppr(aoiab11:"td.nc$ l-wbe_s haV(}) e~~~t:tv$lii .
11:ttle to:tfslc>na1.-s:trength.
-- --------~=
'V"'IIfO!":$1~~lnl~.~"$-trl';$'
JJi.,; Int~~t:1en
~-of' :tM top:1eB upon W1~1~.~:tnf'~~t.t~n ~at\.
- .
de.l~$d WWlJ t~, tQ1'!$l(i~. b~d!1vi()~ .41: b(t~ gt~el"S-" stne~)
Gn$••-C'~$a~ t1'le t'Gr'Si'$~fil:l.~d _7b~1')~tb.aP h!.ah 1 t11.
~t~ase¥t1· ~'1.d .t;fiSfJ, 1~ 'th~ e~$ :4UQ,troth(J4!1}e,-·l_dB~!t
thong..~ tQ 1)$. ~ .~ .~:i"~'o'; ~,. 'wrUr-f: ~l'i .. j'"t&~ -
:O.tt•. ~~ _·C~~'a·~· the' ~.$ttt ~~e pQl~~' _,~ll.t .~. iWit>tla.·
a~~~Jile"riS' thia 1$ !ttl~~$ttlCal,1,¥' too~();~'"t,~.
A$. 1\ pa~t of~ P¥"~u$~t t!t1..tdy5;· tl ,wa.~t"~fttltm!.ona.l
t~t.;$ \\rtjl,".' ~~' o.n .·~'la~ .~ ~". .~;( ~~'f;lQn&# -t\fll1-eb. 1#"$~~
W· lo~ _tlmiii:G$ ofl!Fi' plat'8'.,.~h• .e~ae~,ton$e(i~JlSl$tell!.
oC,_lQd- .~ bQl~~.b~fta$ ~b~ 1n.~~s.~~t!Jf' .1i:\g_'"
~ we" ~8t-tiam(i, oo~d(}a ~na(!Mt2$ otS~·~OOO in. lb. 'capacity
1il,na~ n~.&:mt4 ~'Ig;.., fls.b0~ptet\'tl"~$ tJtt~...t ;W$l~iiKi ·aud. 'bQlt,$t!
'b~el!1 b:~ .tw.1lilt"$t!i 1n tb$ ·~~t.l.~6t>J;·i1$•
• bCltetl _~Si ..~ma.df}t-o 1!l!~.'te tn$ aet"ion·
or .:a. :r1-'fl-et0d 9~1?'!h1$ .a.-: ~li&by :,a;~11~ --the Ml;$'S
~O: tha:t' ~ bfttas: 'WOu.:ut .tit V$$!1'tll#1t"lY1J ,e:-nd b'Y ,k~$pt11S
tb$ "b(')1~& ttaht ...- A t!6~1~:~ ··ot· ift1'&t~ .rOe-made 'en ~, ~lt~
~1i:r~ ~1..tb -th~d1~~f~ta$'tent'i4 on,('jnfil;;~t.~t~d t~$
$l.<1$$,ar~ lWtth d.ia;p.~$gm fjp$.e:.1~a$$~~gt~~t~~te
tor.~~l~-nt. ~~~:* A,t~~$1on -~$t ~t.'4') _e~ tJ)'i & ·wel~
'b~ ~!ttl no-a1~~s;cQ"l~ltm ,t$:$t& w~~.al;$<>~0·on
~,/~;ttisd. ~~ 'll1ith ~~~il~~&t~:$t~d: ,Ql~, t~~ £Jad~~
an4~~dat, .j! 41$:~~$: ·or tbfi~(t 1nehee>..~7J..~~ a..,~l.$
-~~~---~ -----~=~~,.
WCN thvn .l~to th~s~cond'bo:~o as to !t~ke; tl\e ;$tle.titm
$li1d.la~ tosrlvetsfJC:tlon ~~,tM 'b~.x 'WS!$tnlilte¢1. ae~n~
PlnatlYi) .t.h£J. t'OPplat:a ·-ae.ng.1e firab'ttme:€:t o£.r. l.$a~a
»l~'t1~'tm~1darb~i and thfJ tora:tOMl con~tmlt··fts a€a1'n
f"~.,
B;· ne·t!enptlonot~.8t&.
fi. Wel~d Gl~eft'
t!b~tw!$t ort-he g!~.r 'W$$_s:su.~.b7~!n6 16\($1
'bar reading. 'Qf ..both ends: e:ft.he 61rd~t:.fh$'$h$a~$t~$.ses
~. l'mm~blme.$U.t'1~t~~'t~a1ns: on a stt"'a1.u f$$et.te 1dth
a 2'* Ol.sm'l $tr.m~:n aage~
~. "t4ults' f'Ol:' tl";;$ ~1.ded. g1~W4twltht~e-~lneh
d1·a~.-e,b;$.t -a~ sh~· in F~i@.W. flh~··3:tre.$.a Itt~
_lud g~W~1? a;r~ S&t!-$to be about ~~Qt6,f+' than the· thee-
pet1eQl:#(u'J'j;~lput:edbY' ~dt··~tl~61"1'.'hl!!t~ru~tI1.eon$tMt
Jj;: ~"~.. 'e'hfJt1'1$.$ .!ryelo$:$;l3f~.&~ entnm. ()!l.the sbeet.,
a~dtl~ r~l.. ,3 ~. . 8t~$a:,8. V$l~e ·of ,2~:Q9' in'fi.
"~:le ~s_Qgu"d. _lue_s21t;1'itflt. lii. t,litb :~$"~$d, vQlue
.~ ~t&r .tbQn ·tb~· tb.eoHt:1Cid..andth!$..a t.t]- 'h$ '~eet-$d
s111:ce tb$G'v!ttdi,~~1ng nan.s._p1s.t6 anfl d1ift~'W<1ttl,tl a4tti.
a UtU,(t st,tf'f"$'Sh~ ;tlif,f:$e-t not O;(Jl'4J1d.t=rl~dlnth.e th~·n)~.
T$b~ I ~V$-tl tb$ 'Nwlts otthe-.t""l.{)'U$', tf)r31~.
t~ats~ The ftlue.,g, ()fth$ tG'r.$i'~Ql etnl&t$.11t..f'Q1/'" the w$1004
e.1~~stiJh. 1!tt1$ wrl.t1~~,··rh1&lnd1eat~$.tmat .~
flange ~).;e,s ~uld t1~ 'Outs~:ne. legs (If' the flanse.plat&s
bav~V$~'" U.ttl¢)$ft~to:n th& t.ot\Slonal. propo:ltYtle,s tft ~.
voldG4 1Jt>x.: .
b. Belted 01ritUi!'S'
~. tfJsuremutsof the 'b(>1:tad .g1~4a:r' w1th dte,.....
pht'a~ spae$4 $t. zr-., anti bolt$d,on ~$ $1d~$,a~ :$h~
in fig., 11. 11Z-o-t.b the $h.6~~ atW$:$$ andtwl$t ~e.e~lI. tG
be _$ l&rcS$r than the th6Q"t1c:al. ~0~el$tance to
tttlJ!t 1$ aliouf; ~--1;~nt.lethth$.t 01: tbEfsqu1val~t'1t ~'eldea
s;1~e,~. .
F1S- 19 giv.e,s t~:t'0 ~&liltD or the t~Hlon te,s:t ·ttm,th.$
bolted ~~5.et" VJ:;1,th ttl$; ,d1aph...~spQ~OOa't24°.,Itshows
1n~t~11 ve~y al~~ly th~a~t.1~4fJt tJ:h~ ~l~ta~.~ttt/h$
, bOX: g1.~~~ 1$ n.~$t tI11t:d~e~.; ~$ $b.6:w:a lntbe()ut"V$ ~Jii:mt
t'lrst 'rtmjt' ,thm'~roe'P t.e ln1t:lallyvef.'!fl$.t1. tJ?'i.~!:d...$ i.s due-
t.o ~ frletionln the,~e~$lj: ~wbm'lthe .,g1m~;1" is: t'll"st
tWlt3ta4,. the Mc~lQn'du$to~bt3el_iflE:iactiOD(j-t' tll$ bolt,$;
a.etuall:l! tioestheffpu'c1!'iS:$othat tbe b~lts. 4o, v.fu,'}yUttle
"tlC1?1( 1a b~a:r1:tl&. B~v\\'):r~. ~ the 104d1. 1~tCt:'eatiied'l'~tbe
JG1n·t~~ba.rttll)s':1f.IJandth~t~;~ti,on.1,$e;Jl$.(M.l1f'b1"lOk~t'1.,
~ po!"tionot' 't'lle :curve ~$(i CJai ~~. thet:ldat ~leh
tiQk8$ill.aee wlll1e the bo1.t$' at-a .sl'..l>i!'1~r~O$t ot' the tot'al,
t1ri:.at oe·C1J.1?.4\\ in ~&..$ ran;se1l' 'Iibl,$ .1pjp~ 1~,Ve1!1!$:lml:te
tOQ l~lut1.e ~fc~tlQtt. At p.Mnt Dtbebolt,$ ~'t;~t,ob6$1"
ed. th$·'p~rt1~ oi'theaurv$ bs,:;-ond l' ahQWatne 1~,~~i!l~~­
~rlstane$flo.nl1p~h1eh~~'$u1t$. At point ,." th3 load "as taken
(i:rfr" ·~d:.t'he&e~;b1o~ftt tm.t'he ()~v'$abi\)w$tbEf efteet~t' iil~$
v$:tUl"nf)Jletl(}nln Pt'$vent1n~ the ~1M$J:' r~a~ m!t~1$t1ne~· If
tlltlmachine ha4 been of web at'Y~~)' t:l1attbe ~.flde·~eould
ir,.ave beGnt~$t0d; 1n the ~~rseti~cttonJolt1.$, _pe~tet;;
that 'therGMtant eumt6 would have til&~~J; a'J.~.1"e.$le 1.op•.
fJ.~ v&'luea of the tOl'$iom\leon$~tfo~·the oth$rc
bolttbtltaats a~$hf.lW ill l"a'Ol,at. '1!!1.1&t'il'bl4:; $b~:tb.at $i.
~h$. 4t'&pb~~spael.ns16 1tle~as.ed" ~het;()r·gl~ r&~1;st'~lJe0·
1$ 4~elJie~ed r~r a btt\lt;ed $1~e~·. .1""1~., 13 glttt$s '$ SMph,tC;"
the·v~~a:tt;Mlnthe~o1"',61ona1 const~tt wlth: ~dl~~
zpa~l.ng. f'01J d1~~.as bolt~d. ~ thFeIW s1:~.·
i.~b};$l al$r> ~howethSl:t thet~~sl:Qlml c~'Q$t~t !J,i-
C!'~UGS· a& bh~ nnmb$jf'l of $i~s'o~t:t-A ,tr..!Q.phr~ ~hicb 1:IJ
fi;g'~H1 tc,bb€;sldtu) of th~ bfl):llt1s incl"~a:ed.
e~t~ae~\~~1A)11'O.f;a9a~ts
J .liii:i:,-IiIII'·" J)', t,' .'f ........... , ............
Tl'ie tG~teurl1~ ·$hOtt tha'b :ro~ tb.e ~wel~de:irda~ t:U&
dt.apU$g~b.ad .11tt'1~e.freet '"~n t!:iG tOP$tO'!l~1. b~~V1o~'if)t
the· 61~.e~. 'f~J$:hll)}l\)li't£UJ.tp~of thfl ~rJerts :th~a.~t:~l.
tube or bolt portl()Q o£ the s~tlon" Q~ longl!ia t'h$.l?$ i& l":&)
$Uppa~eln the $~alttB. ~J:'i.dt•.ti tb"il()J't,,~11.~1q~ .~-1'7cl"~
va1n$ £01: the tor$l~~l. eons~t (If'$~b $ W$ldedg1~~r~.
llolt4Pd .gi~er$ 1\l'e~ ~~ l&ss s:tt1:j' 'th~ the 'WIelde4
g1;r'd~l"$.~, becl~S ()my ~e--tw$ntf!~tbitset;l.rte:.ti~$e~ui'tfal$nt
_::t.~ed i[)ird&:r torth~e6.cttM tested.. As· tbe d1a~h~ llJpac',...
~ 'W~:a 1n~r_6$d,. thetorsiouQ1 eonetant deGre$dl~'Q .$il<1 t'he
Sl~Iil~"t' $1iltb ~fZ) d1$p11~~.$ W8;$ enly O!l$-'hltn~~d.tha.a'stlt'f$lUI
th'0 weld$6~!;rd(Jr.
,-rrne' ;s11p Wh1:(!>.b; Qc,eut'1rad. in, t~a~_$: of tb~b_
Hdtle'eatb~ $.tl£tMS&of tb$ bo.1J;e4 ~l~d~1"1i b'tl.t 1;0& &t&'!'" .
~~a .slnc-e·ths,.·ti~Gta.!rt·~~$it to th~f!tJi.ae:.Qf·t~ .~1t.
btlb. ~$ll~~bhi$~U~. AtI· theZlt1.'0b$~ ~. dle!ilU'a~•.,i:~ .;.
1n~ail:wa:. thEl'~~" attrleu1t ~t ~e:()~'1l$·£-o.1'"1:"elstl'\1't$
$11J)'pl~ to oeo~·t).t'.~·'~'file$\ ot,t~ ~.' ~,la~.....
p~, In'tbi$ :,.e-lt!.$d Sl;t'd~Jl, en the 'o'th~l" l~'~:J·~n~A~"'e.,
l1ttl,& fj,:t.t~t>$:t~$no·$·l:lp~!flg CIJUl ~c.m.,t_. _14-$4 box.
!lh$' :tl$n~ :~1$$l" ·,~Qttt8tandiq .:I"~gs ~t ,e('J1f~J"
;pl;s.t$@. ·}'1t:td· ,11t·tl~ a.rtee:t., 'f>1t); t.h~to2:'a1Q%l~ .Q·ouBtti\nt ".t "l~d
a1J:>_r:."
\~ sb".:sf~~S .$:. :m~a.$~4 'ln, tb.• w~l~ €i1~1~ .~1t'~
~,Jt4~'~8;t~~,t~ th-ose ~d1~t~tl·b,.~dtlt1 tb$Q~',•.
In t~, t101t~4s1rGt~!~~ itil~tO·,tll$ s-lli'il)ins ~hteb4',)e~~~"i
t~me~u~~5:t~$$,~s:'_" ,s.beu't two 'ant! (t~'h:tO,ftlm&$;
,tbe' tther;j:ret1ca.l~, Td1c8 '1:&'$;~~ '~:S;B'U~()1" ~~,tn$t£ie,lf»l~
e..~~a$(I by the>' 111::1ppL~ ,i:ll:the ·$'$~ia,. J!J!.'$dt f 1i tt~()~ 40'$'$
not~Gca'l:l~a$f,."orsll»p;'1r~ lBt.h~ :!I~ .~ ·~Qn'·'"
..
e~Qu~b:tl., (;()\1)$; ..net ,app.l.,- to 81ltde~$ .~~irJ1Ipp:tt':as'~'e.n 'oo:c~'"
A' riv~t0.4. gt~"$h'O-~il~ ~l~_ b~'tt;E)l1' ·t:.~a bil)!I.t~
giraEJIajJ.. a.ll'aGf; 'th~., ln1t'la1 tenatm'ln t.b:e' r'.t:~fe{t~, .Will cl1m'tp
tb~ pl~t~:$, to&'$th&~~~oh t.l.tG~tmf::"m liIP~&db1:tlwl,th
boltr\f:J;..: "f:ht;t' J··~le,tjLon~lPt1.on 'oJ: th~'~me.D;t~_ia,~c~'iVe 1$
thus ~~ l~'potft~t~· '~Q~dl'1,'"tll:vlv_t ,$h~tdd .fl11th.
~te b~t>-'ta~ t~$bo:tt:.. 'etms:,~tl~ltJg thl$' ~~~e$"~'
.~ ~UiP'P'lns '_~or'··_$~1~:1tfdt..utw1e'tic~G.' .~Ot'!f$'V~1"',,, l't,
S~$~ll tml1k~11'tbat''th~ ri11'~t~d'gl~d¢f1?'~'~..l'l; e,;et Q"8:~ttrl'C1·~tly
..
~O'J7 ·~o the to:1"~i:c~, t$$t$ on tbo, :$:te$l .a,.,~e',,*n.,:t'
:" ~
t:m,$"t t$'$t:a 'tly_nn8 .f;ff 4e~"is.htfJ wer&~,de."on tA~
;e~UU1014 ~l. .,~. tnF16~' '1.4. AJIJ. ~ lws~~~ i~'tbs,
r:hf1top~ph~ on$' gi,roar Md Q.i1~aan4tbe~~~ oneha4
~,i'e.. 'fbe,to~a:l~l eo~atantZO'l! the .glM~r ~!.tnt'h$'
41ap~~ehll-cltetl t~t8t~1:l 'by3~dtt.8 f¢'rmull!... '~
eQn$~Qnt- t01t 'th.&' O't~~ glp<;l$l'" wa$ab011tons h&:1:.ttnl$ va'lw ..
lile 'b$1!$ve(l t~tth$ 41,fte,Hnc$ _$)&1$ til t.h~ f~(}t. ·~t
the$~$ {}:.f' th(;) ~'w&r$ jcttne4, .'b1a pin$t:l~em..~tlt4t 'wl:dch
, Yo,
~$'lded \\nj$f":1;~d. "In t.hG (,\i.r~~ ..thtn$41a~ag~.~
, ,
'the' dl-EJi~~~ p~vEirit~dth$ -p-l$;&tle tl~t.r~, _cnJ;~1\"1f.lg,.
-~deJ'O the' cead1 itlQne-flt ·tn,$', the~ WQ$$Q.t,;t~t1-$d,..
., .,.' . .
tet$?'el1.10Wii t'ast:::.t· .~N; al.$t) mt'tde.on ,,~, 1'Jlvoted
,~.eld~,4e~~ in. t.11.$..f:Qbt:dca:t.lng$b~p. ~h~t1$.tl,d,l$: ,of
th$8&..t'$3t:$ have bO'.etl ~~,n: In '~P6~tS p:reV1;(JU$1;'11:mll-
". . . -" . ,
. .
tbro~ 'the t~pot tbe·t~l.l$J'~l1il. andst.'t t.h~ l.~as- on
~,'&ltt4~tyaGonsiate.4 of tOl"$lonaland 1at$~l:QatUl.., ,be-
N,$Ults'o£ ·tn. 1:>G:frts$h~4th.Q1;for bo~st'lfd&~#l t~ ~1"
. .
g1r4&1' ae~'$ to· ~slst thel(ltt~d1.1'&ad in~t~~4()!!' j\Uilt:
,
t~ ~()P fl~&~! as 1:$e:~.rit:1 a$$~\1f, 111 ~ddtt1on. the-
()nfl 1iJ.G$ fiudtih$$fi4s ot>- t~ t4tri01''t., 00 t~t 'wd$.l!i
lat,$'r$l 1~ tll$ bti,t~~~tsauG: ~~1~11)j'" ,t}lx$t!'b~$l1
\d"t,b·a tidty -ta.Qtt)~ .td.gher tban60J'. Thus tbea$~l,
~temll~strea$EHlJaremuehsmal~~;!t thfili. th~$eo~An17
·c~g.tt,\)ti.
·1!h$' ,$:tndtec mai3."~:a~di'fAi tli., bae1lgr~~ .-Of tb$ ·$PfD~l.'
fl~·td';;b:)ns Sho\1: t'~t :~Q~:t O't tbe el~~'inthG-1I:l~,~iflC'~tl$M
~'. ha'$'0G: en go.odtb~~~·,p~fl,t1c'$~
, R~Vttt..#,the~~ '~"' .~~ t.Op!.ke:~l·~:Ch '~,l.1" M$h~2? itlf""'"
1,•.' :tyM,'et.,' v(/!J.1!y 1i:t:tl:s· l&kne;m 'ab~at ~d.th~th$*",~w •. _Jt< ~
val~(jr t~~unt ·,O£'l~et, '1~ .$.~lh"$.1'1eQ);I> ··~t :$"'$)$;0'$
tl~$imr.;aetetAu.$c'$.. !rhey' a~ .doubt;'le1Sa.e~'1m~'Mt" but
~th~r'the,p:~$$ntv'alu0;$ t\'S$d $~"·.l'tb. t"e~11ty pems·
!he P"$$~t Q&slgnv&l'W!l.$' f01! 'th~ f$~tJt$t:l-i~ j!lt~~~ .~'&..
'Uoba t¢{},low. 1.1l$ pc119t t~tmltch, ftS ~fJ bera ,Olite
• • - • ., ' _I.
th1~. ~~ttGni.·· if~$:'t$" .an~u1tt b(i'~d~ to: tf3~ f$. b.13t'O~·
.r:Or4$1&ecttas da$lgn '!f,t1"$lt$$'S, tMM! ~c0nmny'.ou1d:. ~,s'Ult
- - . , .' ' .' : . )'.
~O$m(l~ ~tfiel~nt <lfj~~~Ihf' We~t~~d'.a~1$ b~ _@e tt)
. ,'. , .> ."
. .
·'t'b1emia.$'$l'atloe ·areafm.. by~~ls:ontd $ti.f~G,'lI:'t~1Wtl·,.
. . . . ' '. .-". ~ . . .
~
~bls 'flt1!l4~ b$l~c1"tQ;nt \"lh~h:tElb,ter;,J:il1$ $t~:61.. 1 $!.~$e(l..
: . . . ~ . : . , .... , ".," .;
59 .~·il)~l,f)nal -St1f'.tne·ss· of' a'l~t__ o.tFa.rs •
..., __ .:b t a - I .. r 1 _hWi . 11I:. -w."", t'. "",'
~.. - . .' ' - '- .' ..
iS11p'P!Jl,glnthor1'vet$ot Jil, $.;tl'd€;~ pent17 ~dC,a$ it$'
'to~~~d..Qti:al $.t1-ttn~t!Uh~emtght 'be' 'se~$U$ tn QI~e_
. .
- .' -,
G1rd$r.~. .fI:nGw};~d&e ,ottM t01""sl~Wll e@~~t 'or thfibo.tt
gi1'd$~!$Ed$~:n$e$8$~1n'a1~' p~ed1('J;tt_of' th$'b~!tl:l~,
t3t)J&fj$ of thtlb.QX~~e1"., ~~1it$a.l'e: ne~~~Q!lY' to d$te~~~
hGlf thi2:. to~i~1eo1"Wtants'Of bu11't"""tlP~ ~d I~~ g1:r4G?,s.
tili~af~~t$db~ ~l\te:t$llplnth$jt.')1nt.,~
•• !laR~!S-;$9. r~ltt1e's$e~tobeknu:'4)Q~ti.~'~G"
~tlon of: as.~~()t"how to &$l~lan tb~m.,Atp~s~nt,~
the1s.~$~.191$db7 '1J'Ul'$,c,ftb'Wab.·'lest,·s·$bt'n.'U(i '~._~e·
111. whioh th~at?a$$$s'1~ d1$.»hr~"lU~ ~4:tm.f'\~Cl !~ '~~'$
.ubjec.t~edt~b8nding~:Qdt~~1£):n4' 11h~H.au1t:s 01: the.~Q
$$S..~nt$ $llOta.dg1.ve,_~~t1«'l on how toapJ;>:-'oach
·the 'd$a1€p .,robl~m.
&.. 'ttt\:t6t'U .~dT~a'ta·. Atl41tl·~Ml,tEliat;ft ..~
e ...... ,.........d! f~ "
Mee:C$SitJJ ·~C~$i'Jl~~~111.~$ t() oote~~·~ the lat.a~11~(l
tm.d th,$ l«at$~,atr&3&&..$: ·on.-Crbaa 1n _rv1ee,~ .&1$~~~
t~fitG ~t11t1be ~. (Jue:r?au(Jsln ,th$ t'n:bl"lca't!l1l'\$ll(ffJi)U 'to
4$t&~~e the dlst'filbu'tl. of the lil~.11()lu!1$;$,.$t~'~n&
.$tr~a$0i1 'QUJill;$(i, by th'&:l'!fi&!ttad,f!S,.
~ Pro~8m~f~~e~esta
At 'thG·· ~t1~ ,ot t'he Grana $)p$~:1£'l~ttt1t~mJa~81ttEt;$
atl.li~h1.0·. 1940 1~ 'l:tt'iJbl1~ih,.,..the~oll_1~ P~'po.$t1.
'teat P~09&1l1 'was aw~ad. and 'me.d.e t~ basis tGir th~ _It't
,.a~swo~k,.,
\
'--
l~O?OSBD R'G~:iUem »ROOI!t,ll¥
.~ e'lDS~ DlUi1Um(1Ii
~,p'ropo~4t.t.&$t. Pl't)~;fi_ . .(:;ot\lf!.#rHlib1*oadl,. t}l ~_
typS's ~rtest$ .lor ll.1to~'tl~Qn i1."V$ tti1'.f0rent top1Cs.,.
~~ pPOg;wa$ outl1!1$$ te-'li'tS· ~n :full. ~§~d era..>Jt~8 in mill&
..
a..~ t'tJtbt'leat1:flg(\lilCPS'ltu:'1d tl;)$$S tlnt1!!>~l 1S.t~~~;$ 1:1 ,th$
1l!bomtot'J'.. ftle~Gplca't\'tb1)mwd1~ _€t l~a:et, $:Ut'.tW41b,l$
~:pt>$a:$lQn S:t~$S$tl$' ttl. ~1~~~$,~ ·t;I;)~s!o4~1~tlffI"i6'5$'Q'f:
n:'f&tett g1rd*J"s", &&V~~$,.t :and lat~~1:t}ade~
1.... .iU11. ".;.~~~T~!},fI~a ,,,,,,.~. &~m!!$stD,.1ftlMitta
:$ ' .... 'jq rt'~.,'. '-,... --":?(" - ',' ,... " _.-'."- , ........
on. at l~~.t t$tl_.eeran0$ la'thesbop .m:e pl~eai. o~
~.~GoUJ.d. be- ~lGted~- .~ .on$I ~ld bG·~l:v~~d. ~e
e·~t.Ule.~b()tdt1b.~lat:lv~111ta~$~,25ao10to.fU(rfJi 't.nf~tl~
:W,111 beobt&1:ne{l a$ to ~& c!1s'&ril.Jut'1tm ,of ~e It!;t~ftl
·l()ad.. .t.h~ t1l11~toftb:a ~;&'f4~1"'8. -."'~. t'1~i.t., ,of tll.e ~nd'$:
of the- g1!'de1?$,.
b..111 rr"$ttl.. :r~ttt$' ei1 e:ran~$ in. the 1d.J.l$undet>
ar4JQU,' ..
seiJ>vleeconMtd.·on$'l9ih to bEJm~ae t()mtl~_etl'B.$ $rt'~,t· ,~'
l~&f:rt ,'and 'l$.teretl '1~d on thtf ~,t'1~SS£f(b S:i;l'.\$;a:i1~Eldlng,$
'~111 bet~ b)' .$'angfj;:ts'Ci~a'tCt't;ts~~a:Jrn&$t;~e.•
. For thela~~l ,l.d~ th&~$;l:' .o£ma;klng tb,$.tmS't.
''\\'it1.1. 'be, i~~ l$ns~t:b. t~.fe:tl~~..J)l.$tant\& ...t~ "ad--
b1ga will be_de i:~1i? a ~~M;G' 'ri.th !A,stt;lp ~'tOh,lJ' 'wb.il$ it;
1$ "lnl Qe.t('_~le'rat&d as ~hQ$ pO$,fd.fJl$ 'Jfd:th ,th$ a~labl$
b~~$$appll~dtoe~e. $tM1D,l'\lAl$lu'11,~t4 .tot.' t:b~ .$tl"'~a$
, I
d~t(t$lna,t1,on 1i11.11 be t;rotenQ,tt~9 fUlm$ t.~. "fb.i:! :tl5)st,
'f.l:1.1 bo :mad$' MdG'rvt11S1o"V,J$ type$" 02 lQ.fld1~.· a1tdrutt'?W''l:1
eondtt,1on,$ nt,tll~el~~. ~h~ t(~~t ti.ll. ~laob~ lit\ll,d9$J:\
ti:-~to·ton Ri:l'$$ ertu\'$ 1.l;\, th$ ~~~tot7'" ,~. $t'&~l "1.1~s
dU " $;:$k~d. tO$\1PplW tbe 11$:$ of the ~n$$ 'Mdo~~tQ~$
f~~tiltB'te&t~:rt, :r$tat:$.G~~t 1$a~t ',tbHe $~tll$$ m~!f~opQ(gefl•.
Forth$ 11§pact. ~$~:$"t~l$ ~ 9~C~l~lQ8abo~
1$ p~tft.d..Vuioa.(ty~~ of g~$~S ~~a':$ted b1f tM
.~trt~~ 'i!i).:1be t.e~d 1n ..~ ,~~r iJ.:brJ.·lal' to t.tti~ '·1at~rid
load tcstth. ~ v~1$.bl$ to be. te,$t6dW'"dl be" l~~!ltJV0'l'.,
tno i~p$ct..$t:i'i9$$r~&ti~'$_ ~1).$ bri~.w111'b$ _de:
f~ d1tf'e~l!itMlst ,e~6d~. ~ailtl$ott)~ dJj.)ta~t t~P~$
ot handll~anf1 'p,mwe.yJo1;nlt aGt'ldi't1o~iS.' X~i'$ q;~t$
, ,
lnttl, t!.la:t no\",I;t.1t~e_cludv'$" ~~ec.m$ t'~th1.8 t~ Or
l~~t~Zt~~~t$ b1.1.1o; ,lt$l':l~~4 g!:ve a_~ l.d~a Q~tOtl~
v~..tf:l at lmltaet-... fie~·;~a1n, th.\'(¥ $t~e:l tid1.:b~;4l1 l'~v$ t()
St'l~Pl:Tth~ e't'an1$$,&Itt! ()~ratQ.~ ft)~ t:e'$t,.,A$be:ro~&;" t;b'$.
t0i£J:t~td.l1~~ek_de ~.th~ ,1.~~,m:t~: C'f"$f!_,~;
InQM~t{qn. theN' ars, g~ ,enro~s 1ns(Vt>'Vic$ \1hlel:t
hav~ l~ad $eQ;e.~;. ,Qb;$~1"V'a.tlon· oft:n.loa.4,~e-or~ln~a t:it~
th~" ha1:e:$~~~,J14&1.a.~ i4'~ot 1i'~t1~ 1mpae't$.~tillf§,
on the c~~~;~1on'ld..11 be- sottsh~ to ~et th~~:~ dntQ
In. m.l.l;1s~~" ,$ueh1~te.l1J;.tl~ ,a~$l# P1a'0~~
2".:!4bQJt:,at~fjf'~8,~t:llt -.1'~~t$ :to 4at$~nG th90
~Ucwable st.~·t:UM\)$ 111 ~~ ~lr4$PS ~11. '~ ~OO ·Go. ~'
s13l"4~:W$ in~' ',' ]:a~ra~o~;.. f:estli on, b~t'1 b<lJteu ~ivl~i.
--------
Ones$;t'lea- 9:tl1 't~stthe l.en.gth11.dthrati~$-of
tll~t.~lri~rs. il~st$a~ plarzn1;)~'.! 00 glvd$'ps W1thi,/b_
wJ:ues equal t-o 00. ~O. 40#30. ~~GUrortheaeg1l'­
d-e~a ar:a -t;o be W$lG$ti. and .four ~, to 'be rivet0d.:
'fJelitedg!rd0t"s wlU' bG· us$d Ine.ll th~(1ther 'tes~
e1u<nl ·t-h$Y a~ eb.el!ip$rand :oagl$I~ to £~brtc&t~ in t'be, ~od$1
~e ~GOnd se~l~$ wt11tfttlt th~ lfptaQing or the \'J8b,$
and t1~te~ne tll.1f11d'th..tMe~~$~l?atlQ of' theeov$:¥ pLutc&.,
F!.V$ bo~&W111 'be ~&$itied ~'th T;/t);~~Jto:$. or. 3S.~, ~lt ~4,,9'
OO~. and 96.fte -g!;~$~W1th tl~ wit )l'I\l.t"lo$1.lt' ~61'dl1 \"'6
$t1.,ff'~dbY$ h~~1~ontal.;tt.ffa:tt&:£?:
Th.'h1~$$~1.$'~ W'1.11~J'theb/tJ Ntio., nv~ -ii.;!""""
4tu:~a' will b$t($),nted wItb V"4>\tlos of b/te:f -320,. 19,2~ 1:76"
1(1\).,- 144.. i'he $1~el" ~ltb t~.. h/t:'8-t10 '0-£ ;i20w111.ha:v~
$$VCl"a).. ijl.r4e~1!J of hltf):\te-ne.ll,G :Steal w,t11 be Ce-,
l'd.."n~Qna tiQ$.t'ted ,af1iSrt tbe,ab¢Jvtl) t-e.$t~ b$~~ be~]l ~~4e.
ft~S$ il!"der$wl1.1be~$1$etO-dto d.etemltl9 how~~ 84d1..
t1~na.l at'~1;b h1t;h 't$1'1el1e e~1'de-r-$m11 'bQV& due to the!1i'
h1€.M~ p~op()nio~fi1 1.1m!t ..
The dia~ ~p;acl~ of' ·th$ abQv-a e1V'd~r$ • .111
al$O 'be ittVe:$'tlss:t~dt'Q ~t thlG"t.foct t;.}n 'the'$tt'etl-Sth
oftheg;1rd$1!',.
'--
~eto~:'irl'l)tm.l .s·t"fme$~()t~lve:ted ~!rde:r~ w111.
alec be InVO$tlgs.t~d. "'e.$t~'iVJ11i. be ~adet~ a$'termL~tt1e
't~~s1,¢.n$1 ehe.nct;~rl,$ttl.e~ ~ttL~~a ~"ta~,bc::t g'~N~~ wit;1)
m~6l}s ot$ph!fsgm, ,spanl'~s. ''fwo~1ftt~d buil:t~p I ...be$m$
wl,'11..~. "t;&$t~~f1ntt~"d_th31~l;a.~'w~ldEt4I~~.:;$~;
.~ el1,ppl~ .6tt~et t>f tne~1"et-s~11b~ l~~t*t~t in com.....
p:at1ne ·the illlo.ble:$t;~:$'s~aa.~twlstor th~ g1~~$.
'I""il& 41:;0"6 t~$t p~~.may 'be:tn.;t,er$d.. :fJo.r~~;e.ta:a
~l'l.@a¢'~t$$tl'~proc~ed:fj;,. but on the: 'Whole· it ilthould
~vlde theansw$?a totheqUfluil't'1OIUl bro~t up in tile
mm.lysls:ot t;hEl'At~,e1n.ea;tl(;ln~:.;.
. ,
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